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ADVERTISEMENT TO THE THIRD EDITION. 



JThe gifted Author of this useful little work was First 
Assistant at the Eoyal Observatory, Greenwich, from 1835 
to 1860, and afterwards Badcliffe Observer at Oxford, where 
he died exactly four years ago, on the 9th of May, 1878. 
It was originally published in 1852 to form one of a 
series of Hudimentary Treatises on scientific subjects, the 
scheme being principally to describe clearly to those pos- 
sessed of a small amount of mathematical knowledge the 
elementary principles of Astronomy as a science. It was 
revised by the Author for a Second Edition in 1869, when 
he also took the opportunity of adding an Appendix on 
the new and important branch of Spectrum Analysis. 
That Edition being now exhausted, I have been asked to 
prepare a Third Edition for the press, in doing which I 
have been careful only to alter where alteration was neces- 
sary to bring the descriptive portions of the Work up to 
the present state of the progress of Astronomical research 
and discovery. 

WILLUM THYNNE LYNN. 
Blackheath, 

May 9thf 1882. 



PEEFACE TO THE FIEST EDITION. 

It might with propriety be asked, what is the need of a 
new hook on Astronomy, when so many excellent treatises 
ahready exist in the English li^guage, of every class, both 
such as are familiar and rudimentary and such as exhaust 
the mathematical theories of the subject ? 

As far as the publisher of this little book is concerned, it 
may be sufficient to reply that a treatise was necessary to 
harmonise with his other " Eudimentary Treatises " on 
scientific subjects. The author also, when he was requested 
to write a work on the subject, felt convinced, after some 
investigation, that there did not at the time exist a book 
which, in small compass, and in a cheap form, would give 
the student a sketch of the processes pursued at present in 
modem observatories, together with the explanations of the 
leading phenomena of the science, and the most recent 
results of modem discovery. 

There are many catechisms and treatises on Astronomy, 
some of which form only the introductions to other of the 
sciences, such as Geography, while others confine themselves 
to some special branch of the subject. Such treatises «x<^ 
generally descriptive, and confine tliemsQ>\\fe^ <5toA.^^'^ \»^\sr\aJi. 
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PREFACE. IX 

System in a cheap form was nearly ready for publication, 
and it is gratifying to find that the plan of that work does 
not interfere materially with the present Eudimentary 
Treatise. Mr. Hind's object, as explained in his Preface, 
has been to write a descriptive work, and ** to present the 
reader with the latest information on all points connected 
with the solar system." The author's object, on the con- 
trary, has been to write an explanatory work, which should 
at the same time contain the leading facts of the science, to 
serve for the purposes of illustration, and to make it accept- 
able to those who seek only for popular information. 

It is hoped that the chapter that has been introduced on 
Astronomical Instruments, and their mode of use, will prove 
serviceable both to the general reader and to the student 
who is preparing to study Astronomy more systematically. 
The explanation also which it has been found practicable to 
insert concerning the theory of gravitation, and of some of 
the leading features of lunar and planetary perturb?itions, 
will also, it is hoped, induce the reader to seek for fuller and 
more philosophical knowledge in Airy's "Gravitation," to 
which reference has been made more than once, and which, 
together with the " Ipswich Lectures " by the same eminent 
astronomer, should be in the hands of every young student 
who hopes to proceed to the severer reasonings and in- 
vestigations connected with the mathematical theories of 
Astronomy. 

R. M. 

Oubbnwigh, 
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EUDIMENTAEY ASTRONOMY; 

OB, 

A CONOISS ACCOUNT OP THE PRINCIPLES OP ASTRONOMY 
POR THE USE OP BEGINNERS. 



INTEODUCTION. 

1. The science of Astronomy has forced itself earlier upon 
the attention of mankind, and has been earlier cultivated^ 
than any of the mechanical or physical sciences. This has 
arisen in part from the grandeur of the phenomena that are 
forced upon the attention of every one endued with ordinary 
faculties, and partly from the necessity of attending to the 
most striking of them with reference to the pursuits of daily 
life. Thus, the hours that can be allotted to daily labour, 
as well as the vicissitudes of the seasons devoted to various 
agricultural pursuits, day and night, seed time and harvest, 
summer and winter, depend upon the apparent motions of 
the sun, and can only be known or predicted by a study of 
his motions. As soon, also, as people living on the sea-coast 
had acquired civilisation enough to know the importance of 
making the ocean the means of communication between 
themselves and neighbouring countries, they would recog- 
nise the importance of studying the positions and the motions 
of those points of reference that glittered in the firmament 
above them, and seemed so exactly adapted to the purpose. 
They could quickly observe that though, at first sight, the 
**mazy dance" of the planets and the stars presented in- 
extricable confusion, yet a trifling amount of observation 
would reduce their motions to something like order. 

2. The Chaldean or the Phoenician astronomer, studying 
the aspect of the heavens for a whole night, would e^q^loMa. 
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to himself with tolerahle precision the nature of the motions 
exhibited. Looking towards the north at successive hours, 
he would observe in one part of the heavens that the stars, 
if not actually at rest, yet had motions very inconsiderable 
compared with those in other parts, and that they appeared 
to turn round a point or pole, defined by a tolerably bright 
star, which itself appeared to be absolutely motionless. 
Looking towards the east he would observe stars rising 
successively above the horizon, or earth-bounding line, and 
equally proceeding in parallel directions towards the south, 
while in the west those that had previously occupied his 
attention vanished one by one, and were succeeded by others 
declining in the same direction. The general direction of the 
motion of the stars, from the east towards the west, and their 
apparent common motion round some one line or axis, of 
which a point in the heavens near the north or polar star 
was the termination, would be quickly recognised. 

8. It would also be readily seen that the stars, though thus 
partaking of a common motion round a fixed axis, had no 
visible motion with regard to each other. Night after night 
the same remarkable groups would be exhibited : Orion 
would appear with his sword and his belt ; Castor and Pollux, 
twins in magnitude, and conspicuous for their brightness, 
would preserve the same distance from each other and the 
neighbouring stars; Sirius would ghtter with unrivalled 
brightness beneath them, and the general aspect of tho 
heavens would be unchanged. 

4. But there was one fact, which, as the seasons rolled 
onwards, they would not fail to discover, viz., that the whole 
of these glittering bodies had a motion with regard to the 
sun, that is, that either the sun moved amongst them in the 
course of the year from west to east through the whole cir- 
cumference of the heavens, or that the stars travelled in one 
compact mass towards him, from east to west, in addition to 
their diurnal motion. Beginning their observations soon 
after sunset they would observe that, at the same hour of 
the evening (reckoned by the sun), the stars in the east were 
higher after a few nights, or had risen earlier, while the 
stars in the west were lower or nearer to setting, that is, 
they had all apparently been moving from east to west 
towards the sun, or the sun had been moving from west to 
east, which would be by far the simpler and lilielicr hypo- 
thesis. By observing, too, the stars which at difi'crcnt 
Bonsona rose and jset very near the sun, they would bo able 
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to trace roughly his path among them, or to map out hia 
track in the heavens, that is, they would get a notion of the 
ecliptic, or the sun's annual circle. By dividing also the 
globe of the heavens into two equal portions by a plane 
drawn through the centre at right angles to the axis before 
mentioned, that is, by the equatorial plane, they would find 
that the ecliptic cut this plane in two points at the ex- 
tremities of a diameter, or that the sun's motion was in a 
great circle of the sphere, and therefore that he moved in a 
plane which passes through or intersects the earth. 

5. Thus far the common-sense observations of the ancient 
astronomer led him to a knowledge of the general diurnal 
and annual phenomena of the heavens. But there, were 
other objects which would almost equally attract his atten- 
tion. The moon, so necessary for the light afforded during 
the absence of the sun, and so interesting for the variety of 
the phases exhibited by her, would naturally claim a great 
share of attention. The track of this luminary could be very 
distinctly mapped out amongst the stars, and there would be 
no difficulty in discovering that she too moved in a great 
circle, that is, in a plane passing through the earth. 

6. By following up these observations the ancients would, 
by degrees, acquire a knowledge of some of the peculiarities 
of the motions of this body. By tracing her motions, how- 
ever rudely, they would scarcely fail to discover that the 
point where her orbit intersected the ecliptic or the sun's 
path was not stationary, but had a constant retrograde 
motion, and that in consequence her position in the heavens 
varied from year to year, and after a time they would gain 
a knowledge of some of the most remarkable of her in- 
equalities. 

7. Amongst the stars, too, a few conspicuous in brightness 
would attract their attention by an evident motion of their 
own. They would see them sometimes move in the order 
of the signs, or in the direction of the sun, and then, after 
appearing to rest for a period, the direction of their motion 
would become changed, and they would move contrary to 
the order of the signs ; and they would not be long before 
they discovered that the motions of the planetcB,"^' or wander- 
ing bodies, were connected with the sun, and they would 
make it their business to map down these motions with the 
view of ascertaining the laws by which they wt^ x^^^a^-^^^* 

•From TrXavau), to ^an^et. 
b2 
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8. It is not our purpose, nor have we space, to enter at 
all in detail on the ancient history of astronomy, and our 
remarks have heen made solely with the idea of pointing out 
to the student entering upon the science, what is the natural 
mode of treatment of the subject, so as to enable the mind 
to embrace clearly and consecutively its leading features; 
but before following out the plan, which has been roughly 
sketched, it is necessary that we first endeavour to obtain 
some clear notions of the means by which our own planet 
has been measured and rendered the basis of further opera- 
tions, before we venture to apply the line and the plummet 
to those inaccessible bodies that by their distance present so 
many obstacles to our inquiries. 

9. The plan, then, which we propose to pursue is, first, to 
explain the nature of the proofs of the ordinarily received 
hypotheses respecting our own globe, including its rotundity, 
its uniform diurnal rotation round an axis sensibly fixed and 
permanent, and the nature of the operations by which its 
actual size and figure have been ascertained. 

10. We shall next devote some space to the description of 
the instruments, and of the mode of using them, by which the 
heavenly bodies are referred primarily to the centre of this 
oar planet. 

11. We shall then treat of certain corrections required to 
be applied to the positions thence deduced, in consequence 
of the disturbances produced by the sun and moon on account 
of the earth's spheroidal figure, and in consequence of the 
progressive motion of light. 

12. The motions of the sun, moon, and planets will follow 
next in order, and we shall endeavour under this head to 
give some slight idea of the mutual disturbances which they 
experience in consequence of the law of gravitation, together 
with the theory of the eclipses originating in the apparent 
conjunctions and oppositions of the sun and moon. 

13. We shall then proceed to discuss those grander features 
of Astronomy which are involved in the speculations and re- 
search of modem astronomers on the numbers and distances 
of the fixed stars, and in doing this we shall be careful to 
give in short compass a sketch of the vast progress which has 
been made during the present ago. 

14. In the study of any science, in however elementary a 
manner, some acquaintance with the rudiments of various 
other sciences must be presupposed. In Astronomy, an ac- 

quiuDtance with the chief propositions of elementary geometry 
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is indispensable, and the student is nnder great disadvantages 
unless he be in some degree acquainted also with plane and 
spherical trigonometry. We shall assume also that he has 
read attentively the Treatise on Mechanics in this series, and 
is consequently acquainted with the nature of force suf- 
ficiently to make our remarks on the mutual action of the 
bodies of the solar system on each other intelligible. It 
will be our object to divest the subject as much as possible 
of all unnecessary technicalities, and to explain, as clearly 
as our very limited space will allow, all the ordinary phe- 
nomena. 

15. At the same time it must be understood, that the 
book is only what it pretends to be — ^rudimentary ; and that 
the student who has tolerably well mastered its contents, 
should proceed to study the far more philosophical and 
complete expositions of the subject that are comprised in 
Airy's Ipswich Lectures,* and Sir John Herschel's Outlines 
of Astronomy. 



* In the later Editions of this admirable work by Sir George Airy 
(Astronomer Royal from 1835 to 1881) its title is changed to that of 
"Popular Astronomy : a Series of Lectures delivered at Ipswich." — Ed. 
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CHAPTER I. 



FIGURE AND DIMENSIONS OF THE EAETH, 

16. Our introductory chapter has shown hov/ the most 
conspicuous of the phenomena of the starry heaVens may 
be investigated and explained by an observer assisted by 
nothing but ordinary good faculties, who watches diligently 
the apparent motions of the heavenly bodies for a whole 
season. Such a person will be able to account for the 
apparent diurnal motion of the stars from east to west, by a 
real diurnal rotation of the earth on a fixed axis from west 
to east, and the apparent annual motion of all the stars in a 
compact mass relatively to the sun by the hypothesis of an 
apparent motion of the sun in the contrary direction. 

17. All these phenomena will be equally well accounted 
for, whatever ideas we may entertain of the dimensions and 
the shape of the earth. But, as it is evident that the earth 
must ultimately be our basis for measuring everything ex- 
ternal to itself, we will begin by inquiring by what means we 
derive our ideas respecting its size and figure. 

18. First, then, the earth is, roughly speaking, round or 
spherical, like a ball or an orange. The ordinary proofs of 
this fact are of the following nature : — A person standing on 
the sea-shore, and watching with a telescope the approach of 
a ship under sail, would first see the topmast and upper 
eails, next the mainmast and lower sails, and lastly the hull. 
Two ships approaching each other under sail, in like manner, 
first become visible to each other from their respective mast- 
heads, the lower portions coming successively into sight. 
Lastly, ships have actually and repeatedly made the circuit 
of the globe ; that is, by sailing out from a certain port in a 
westerly direction, they have returned to it in an easterly 

direction, or vice versa. Lastly, the phenomena V\l\i Teg,st£^\o 
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the heavenly bodies, which ought to take place on such a sup- 
position, actually do take place. Thus, to a ship sailing south- 
wards, night after night new constellations towards the south 
are continually making their appearance, and those towards 
the north are sinking lower and lower. As the southern cross 
attracts the delighted attention of the mariner in one direction, 
his old friends the Greater and the Lesser Bear, with the pole 
round which they revolve, are vanishing in the other. 

19. By such observations we may satisfy ourselves that 
Ibe earth is, generally speaking, round, but we are still 
ignorant of its exact shape. And by what means are we to 
estimate or measure it? It would seem ridiculous to say that 
it is principally done by a yard measure or small standard 
of length, and yet it is really the fact. Small as we are with 
regard to the vast surface of the earth, and crawling as it 
were slowly on its surface, it is plain that we cannot put a 
girdle round it, or measure at once its whole circumference; 
but, in defect of that, we can measure by degrees tolerably 
large portions of its surface in various situations, and then by 
calculation find what form and what dimensions will best 
satisfy all the observations which have been made. But 
here a difficulty meets us at the outset. All bodies with 
which we are acquainted expand by heat and contract by 
cold, so that, whatever we choose for our measuring rod, it 
will not preserve an invariable length, and so will be very 
unfit to measure a distance equal to very many multiples of 
itself. Various plans have been devised for getting rid of 
this difficulty, by nicely comparing the metal bars that were 
to be used with some one standard bar under known cir- 
cumstances of temperature, or by compensating the bars 
themselves by means of the application of two metals dif- 
ferently affected by temperature. An ingenious instance of 
this kind of compensation was first employed in the bars used 
in the measuiement of the Irish Base Line,* along the east 
side of Lough Foyle, in the county of Londonderry, and 
afterwards used in India and at the Cape of Good Hope. 
The principle may be thus explained : — a a' and h b' are two 
bars parallel to each other ; the upper one of brass, and the 
lower one of iron, connected by a steel "pieeepq; an, a'n\ are 
flat steel tongues at their extremities, moving freely on conical 

♦See Account of Measurement of the Lom^Vv ¥o^\a'^^atek'VicafcNss. 
Ireland, by Captain W. YoUand, B,.1J5.-, an^ ^t^^^To^x\«c fe^^^- 
nomy, First Lecture, 
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brass pivots, allowing them to be inclined at small angles to 
the lines perpendicular to the bars. The lengths a n, a n\ 
are to the lengths h n, 1/ n\ in the proportion of the expan- 
sion of brass to that of iron under equal increments of tcm- 
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perature. Then the bars being made of precisely equal 
lengths at a temperature of 62°, the tongues will for that 
temperature be perpendicular to the bars, and for any other 
temperatures the expansions or contractions a c, hdy ae, bf, 
&c., of the brass and iron bars being proportioned to an, b n, 
it is plain by the properties of similar triangles that the 
points n and n' will be invariable. The distance between 
those points, therefore, was used for the invariable length of 
the measuring bar. 

20. There was still another difficulty to be surmounted. 
It was found by experiments that with respect to a brass 
cylindrical bar and an iron one, if their surfaces were equally 
exposed, the brass heated and cooled considerably faster 
than the iron bar, and it was necessary to find some means 
of reducing their heating and cooling powers to the same 
rate. This was effected by the use of another principle, viz., 
that the powers of radiation and absorption of heat depend 
upon the degree of polish of their surfaces ; for, by lacquer- 
ing the surface of the brass bar, and by browning and 
lacquering the iron one, it was found quite practicable to 
equalise the rates of cooling and heating. 

21. Having thus obtained an invariable measure of length, 
it is evidently possible, by using several such bars, to measure 
a line of any length with perfect accuracy. But other pre- 
cautions are still necessary in practice. The bars must not 
be placed close together lest they should disturb each other. 
It was necessaiy, therefore, to measure the small intervals 
between them by means of microscopes, mounted on a similar 
principle of compensation. Other precautions for insuring 
the bars being at precisely the same level and in the same 
straight line, it would occupy too much space to detail. 

22. However, by this process, suppose we have the power 
o/ mcasming a line of several miles in Icngtla 'w\\.\i ^ed^^i 
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accuracy. The line must be selected with great care, over 
a level tract of country, as free as possible from hindrances 
and obstructions ; and the Irish base above mentioned was 
admirably adapted to its purpose, running along the sand 
on the borders of Lough Foyle. Such a line, once mea- 
sured, is the basis for a large triangulation of the country 
to be surveyed or measured, and the next instrument 
required for this purpose is a theodoUte. This is an 
instrument for measuring horizontal angles, consisting, in 
its simplest state, of a pillar turning freely on a vertical 
axis, and carrying, on outriders, with Y supports attached, 
a telescope, mounted like a transit instrument, capable of 
being directed to any object. It has a graduated horizontal 
circle read by verniers carried by the vertical pillar. 

23. Conspicuous objects on the summits of the hills within 
sight are then selected, and, by means of the theodolite, 
the angles which the lines joining them and the extremi- 
ties of the base make with its direction are then accurately 
measured. Now, here a curious fact is discovered. When 
these angles, together with the third angle of the triangle, 
are accurately measured, it is always found that the sum 
of the three angles is greater than two right angles ; and 
this circumstance is invariably expected, and made in some 
degree a test of the accuracy of the work. Now our readers, 
who are conversant with spherical trigonometry, know that 
this is always the case in all spherical triangles, the difference 
being known by the name of the spherical excess, and being 
a measure of the spherical area. This, then, is an additional 
proof of the earth's sphericity. Imagine, now, a network of 
such triangles to be measured across a country in the direc- 
tion of a meridian^ which word it is necessary to define. 
With regard to the heavens, it may be understood to be that 
great circle passing through the poles, which bisects the 
diurnal path of the stars from horizon to horizon, or marks 
their highest point or point of culmination ; or, more tech- 
nically, it is the great circle passing through the poles and 
zenith (or point immediately vertical to the observer's posi- 
tion). With regard to the earth, it is the intersection of this 
plane with the earth's surface, or the circle passing through 
the poles and the observer's position. Now the object of the 
chain of triangles, measured in the manner above described^ 
is ultimately to obtain the length of a dete>xm\x\a.\»^ ^ix<i ^1 *v^^ 
meridian ; and the direction of one oi lYie ^V^^'^ ^\H5a. t^^?>x^ 
to the meridim must therefore be ioxm^, o^> \.^0d»nr.^!^1 .^ 

Bd I 
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gpeaking, its azimuth must be determined. The term azi- 
muth also requires de&iition. The azimuth of an. object is 
its direction with regard to the meridian, which we have just 
de&ied ; and we shall always suppose it to be measured £L'om 
the south towards the west throughout the whole circle. 

24. To determine, then, the azimuth of one of the lines of 
the measured triangles, we must evidently know the direction 
of the meridian, and for this purpose the transit instrument 
is used. As this instrument has not yet been described, we 
will ask the reader to take for granted, for the present, that 
by its use a mark can be set up exactly in the direction of 
the meridian from any one of the stations of triangulation ; 
and then, by the theodolite, the angular distance between 
this mark and another of the stations can be determined, 
which will be the required azimuth. 

25. With these data, then, — ^that is, with the calculated 
lengths of the sides of the triangles and their azimuths, — ^the 
length of a portion of the meridian of considerable length, 
lying between two chosen stations, may be calculated with 
very minute accuracy. The line thus measured, forming 
part of the earth's curved surface, will be curved, and the 
next object is to determine the degree of curvature. To 

elucidate this, we will explain what 
is meant by different degrees of cur- 
vature. Suppose AB, a'b', to be 
two small equal arcs of different 
circles, whose centres are o, c'. 
Draw the radii, and produce them 
to D E, d' e'. Then the curvatures 
of these arcs will be measured by 
the inclination of their radii at the 
extreme points; that is, by the 
angles d c e, d' o' e', or, as the arcs 
are equal, and the angles generally 
are in the proportion of the arcs divided by the radii, the 
curvatures will be inversely proportional to the radii. 

26. Now mathematicians are accustomed to consider that 
any curve, so that its curvature be continuous, may at any 
point, for a very short distance, be supposed to coincide 
with a circle of a certain determinate radius, called its circle 
of curvature, and they may use without sensible error the 
curvature of this circle to denote the curvature of the curve 
at this point. To determine, then, the curvature of any 
paiis of the earth's surface, they endeavour to ascertain 
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"what is the direction of the vertical line at each extremity 
of the arc, which they have measured as above explained, 
and to compare such measures at different parts of the 
earth's surface. 

27. Now, the direction of the vertical line at any place can 
be determined by three separate methods : viz., in the first 
place by means of the plumb-line, that is, of a string sus- 
pended from a point, with a weight at the end of it; or 
secondly, by means of a trough of mercury, whose surface 
when undisturbed is always horizontal, or at right angles 
to the vertical ; or thirdly, by means of a spirit level, that 
is, of a horizontal glass tube slightly curved, and nearly 
filled with ether, or other volatile fluid, in which case the 
bubble or vacant space at its upper surface always retains 
a horizontal direction. On one or tile other of these 
principles, instruments called zenith sectors have been 
constructed, by which the zenith distances of stars in the 
neighbourhood of the zenith can be accurately measured. 
As all the instruments which we have occasion to advert to 
in this chapter will bo more fully described in the following, 
we shall beg the reader to take for granted for the present, 
that the angular distances of stars from the zenith, or point 
immediately over head, can be 
thus measured, and he will 
then see very readily how this 
operation is rendered sub- 
servient to the finding of the 
figure of the earth. 

28. Suppose, for instance, 
A and B to be two points of 
the earth's surface, on or 
nearly on the same meridian ; 
VAC, V B 0, verticals at the 
points A and b ; s and s' the 
apparent positions of the same 
star, as seen from a and b. Then it is easy to see that, as 
the lines s a and s' b must be parallel to each other, the dis- 
tance of the star being sensibly infinite, the difference of the 
angular zenith distances, v a s and V b s', is equal to the 
angle o, formed at the point where the verticals meet each 
other ; and this angle compared with the length of a b, pre- 
viously measured, is the measure of the curvature of the 
earth in the neighbourhood of the points a and b, or, more 
accurately, for a point at the middle of a b. 
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this mark and another 3,in» of 867,086 and 868,62C British 
which will be the reqnirL i^.. By the explanation which has pre- 
25. With these data, jg^ widily nnderatood that the earth 
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snch a figure as -would be prodnced if a hoop were slightly 
flattened by preasore, and thea made to revolve about the 
Bhottest diameter thns prodnced, 

82. We can, of conrse, in a short popular treatise, give no 
intelligible acconnt of the refined mathematical processes by 
which the most probable values of the flattening and of the 
absolute dimensions have been obtained from the measures. 
It is safficient to say in this place that the measures have 
beOQ most elaborately discassed by tno of the most accom- 
plished mathematicians of this century, viz. Airy and Bessel, 
and we will state the results at which they have separately 
arrived. 

B3. Airy's results, as given in the Encyehpadia Mrlro- 
poUtana, (article "Figure of the Earth,") arc, 

Equatorial diameter = 7925C48 t .. 
Polar diameter = 7890170 / "'"*''■ 

BcBsel's results, obtained from the investigation in tho A*lro- 
nmnUchc Nachrichun, Nos. 333 to 336, and No. 488, are, 
Equatorial diameter = 7925-604 1 -, 
Polar diameter = 7899-lU / "" '^^* 

And from both these results it follows that tho polar diameter 
is shorter than the equatorial by about jjj part. This 
quantity is technically called the compreMum. 

More recently the figure of the earth has been determined 
with very great care by Captaiu A. B. Clarke, B.E., in con- 
nection with the geodetical operations of the Ordnance 
Sorvey. Ha finds as the most probable result that 
The Equatorial diameter = 7926-696 I ., 
— - ■ J- diameter = 7899-706 | ™"^'' ' 

T cUiiiticity being rlt very nearly. 
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CHAPTER n. 



OF ASTRONOMICAL INSTRUMENTS, AND THE MODE AND OBJECT 

OF THEIR USE. 

34. Having in the preceding chapters endeavoured to 
familiarise the student with the leading phenomena of the 
heavens, and with the mode of proof by which it is shown 
that many of these phenomena arise from the equable rotation 
of the earth round an axis sensibly fixed and permanent; and 
having finally given some idea of the operations by which 
the surface of our planet is measured, and its exact size and 
figure ascertained; we proceed, according to the plan laid 
down, to give a brief description of the principal instruments 
which are made use of in modem observatories for fixing 
geometrically the positions of the heavenly bodies. 

85. It is assumed that the student is sufficiently acquainted 
with elementary geometry to know that the position of a 
body on a plane surface is defined by means of its distances 
from two fixed lines (generally at right angles to each other) 
in that plane ; and similarly the position of a body on a 
spherical surface may be defined by means of its angular 
distances from two great circles of the sphere, at right angles 
to each other. One of the circles chosen by astronomers 
for this purpose is the equator, or the plane passing through 
the earth's centre at right angles to its axis of revolution, 
and the other is the plane passing through the earth's axis 
and the point where the equator intersects the ecliptic, or the 
plane of the sun's apparent motion. This latter point is 
technically called the First Point of Aries ; and this desig- 
nation was given because, in the time of the ancient asti*o- 
nomers, it was situated in the constellation Aries, though it 
has now retrograded considerably behind that constellation. 
The angular distance, then, of any heavenly body, measured 
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along the equator, from the first point of Aries, is called its 
light ascension ; and its angular distance north or south of 
the equator is called its north or south declination ; or, which 
is a much better mode of measuring, its angular distance 
from the pole is called its polar distance. In northern lati- 
tudes like our own, this distance is measured, of course, from 
the North Pole, and is called Nonh Polar distance, 

86. Let, for example, s be a 
star or other heavenly body, and 
let the circles y o and y m, as in 
the figure, be projections of the 
equator and ecliptic in the sphere 
of the heavens ; p the North Pole, 
or the point where the earth's axis 
produced would meet the sphere ; 
and, finally, p m, the projection of 
a plane passing through the axis 
and the body s, and therefore ^ 
necessarily at right angles to the 
equator. Then y m is the right 
ascension of the body ; s m is its 
declination (in this instance north) ; and p s its polar dis- 
tance. 

87. It is the main object of astronomers to determine for 
all stars in the heavens, as far as is practicable, and for every 
planet or comet, the values of these co-ordinate arcs. In the 
former case, that is, for stars popularly said to heficcedy we 
shall see hereafter that their places in the heavens can, by 
means of certain corrections applied to their observed places, 
be absolutely determined with a wonderful accuracy ; and 
with regard to the latter, their orbits can be accurately 
determined, and their places predicted for any time what- 
ever. 

88. We will first show how right ascensions are determined. 
The reader will bear in mind that the stars appear to revolve 
uniformly round a fixed axis in a certain space of time 
(called from this circumstance a sidereal day) ; and for the 
present we shall assume that they do this with perfect accu- 
racy, and without any disturbance, either by want of absolute 
parallelism of the earth's axis, or by means of any motion of 
their own. Imagine then a clock to be set up, and regulated 
so that its index shall describe very nearly twenty-fo\sx \^<3^qs.h^ 
in the time of a star's passing by l\ie ^ixjcm.^ itQ\.^^^ 

BJiy, point in the heavens till its xelvwcu \,o \\. ^%«Ivcl, "V^^^ 'st^, 
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dent that, for the nearer adjustment of the clock and for the 
obtaining of a knowledge of its rate of going from day to 
day, it would be necessary to set up a fixed mark to observe 
this star. For instance, an observation might be made of 
the time of disappearance of the star, the observer looking 
along the side of a house whose front is nearly south, and, 
by watching it from night to night, and taking the time by 
the clock, an idea might be gained of its approximate rate of 
going. But if, instead of looking along the side of a house, 
the observer were to direct a telescope to the star, and watch 
the time of transit of its image over a fixed mark or wire 
placed in the plane of the focus of its object-glass, a much 
more delicate observation would be made ; and the observa- 
tion would be still more accurate and refined if, instead 
of one wire, several were inserted, and the mean of the times 
were taken to represent the time of passage. Now this is, 
in fact, what is done by the Transit Instmment, which we 
shall proceed to describe. 

89. This instrument consists chiefly of an astronomical 
telescope, furnished with a frame of wires at the place where 
an image of a celestial object is formed by its object-glass, 
and with an eye-piece, through which the image of the object 
and of the wires can be distinctly viewed. It is also fur- 
nished with a cross axis, passing through its centre, and 
terminating in two well-turned and polished cylindrical steel 
pivots, whose axes are, as nearly as the artist can make 
them, in the same straight line, and at right angles to the 
optical axis of the telescope. The instrument is placed in 
bearings fixed to very solid stone piers, and technically 
called Ys, from their likeness to the letter Y. The position 
of the piers is so chosen, and they are so constructed, that 
when the ends of the pivots rest in the Ys, the axis of the 
pivots shall be very nearly horizontal, and that the optical 
axis of the telescope shall, in its revolution, very nearly 
sweep out the plane of the meridian, or the great circle 
pa&ding through the zenith and the pole. If these con- 
ditions were all strictly fulfilled ; that is, if the axis of 
revolution were strictly at right angles to the optical axis 
of the telescope, and were strictly horizontal ; if the optical 
axis passed through the central wire of the system placed in 
the focus, and finally passed through any one point of the 
meridian ; then, supposing the pivots to be perfectly cylin- 
drical, and the tube of the telescope perfectly rigid, the 
/itne of a body being on the meridian would bo accurately 
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that at which it passed the central wire. But, unfortunately, 
none of these conditions can ever be accurately fulfilled; 
and even if they were fulfilled one day, they would not be so 
on another, on account of the shifting or yielding of the 
piers, or some part of the instrument. Indeed, the great 
principle of modem practical Astronomy is not so much to 
get rid of all instrumental errors as, in the first place, to 
provide means for accurately measuring them, and, in the 
second, to allow for them when measured in the calculation 
of the observation. We will then proceed to show how 
this is managed for the instrument under consideration. It 
must be remembered that the conditions to be satisfied for 
a star to be accurately observed as it passes the meridian 
are three. First, the axis of revolution must be accurately 
at right angles to the plane of collimation^ that is, to the 
vertical planes passing through the centre of the object-glass 
and the central wire or mean of wires. Secondly, the axis 
of revolution must be horizontal. Thirdly, the optical axis, 
which (if these conditions be fulfilled) will describe a great 
circle passing through the zenith, must also pass through the 
pole. Hence three errors are introduced, called respectively 
the en'or of collimation, the eiror of level, and the error of 
azimuth, 

40. To measure the error of collimation, a distinct mark is 
frequently used, set up at a considerable distance from the 
observatory, in the direction of the meridian ; but a better 
means is provided in the use of another telescope, set up on 
Ys in the northern opening of the shutters, and furnished 
with a wire-cross in its principal focus. By taking off' the 
eye-piece of this latter telescope (adding a small plane re- 
flector to illuminate the wire), and turning its object-glass 
towards the object-glass of the transit telescope, the wire 
can be seen through the eye -piece of the latter, and answers 
the purpose of a fixed mark at an infinite distance. Ima- 
gine, then, this mark to coincide with the central wire 
of the transit instrument, and imagine the eastern end of 
the axis to be called A, and the western end B. Then, if 
the instrument be taken out of its Ys, and replaced with 
the ends of the axis reversed, — that is, so that B be east 
and A west, — if the wire is still coincident with the mark 
there is no error of collimation ; but if they do not coin, 
cide, the distance between the two will be in. «J[v^Q^as. ^^"wx.^ 
the double of the error to be measuieSi. TVi^ «^^^^ '"vs^ <3^<i'«^- 
tion is measured by means of an ai^'^aKsA.xxs c«Skfe^ ^ '''' \six<st.^- 
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meter/** with which all good transit instruments are fur- 
nished, and which we shall describe presently. 

41. Let us now see how to estimate the effect of this error, 
or to calculate what correction is due to the time of transit 
of a star from this cause. Suppose the line of collimation 
of the instrument to deviate from the meridian a few seconds 
(n) towards the east ; it will evidently deviate by this same 
space in any position of the telescope, and the error in time 
will be that taken by the star in describing this space by 
its diurnal motion. Now, stars move more slowly as they 
are nearer the pole, as is very evident from the fact of their 
describing a smaller circle in the same space of time, that is, 
in a sidereal day. Any of our readers who know anything of 
spherical trigonometry would easily make out that this 
slowness of ttie star's motion increases in the proportion of 
the secant of its declination or distance from the equator. 
Hence, since at the equator the error in time would 
amount to 

24 n* 

-— - X n* or to -— ; n' denoting n seconds of time; 

860 15 

for any declination 8, the error will be 
X Sec. 8, or to 



15 15 X sin. North Polar dist. 

In strictness, there is another error which acts in the same 
way as that of collimation, viz. that due to the diurnal 
aberration; but this we cannot discuss now, as the subject 
of aberration has not yet been brought before the reader. 

42. The next error is the error of level. This is measured 
by a spirit-level, which has been before mentioned, and which 
we will now describe. It consists chiefly of a hollow glass 
tube, nearly filled with a fluid of great mobility, such as 
spirit of wine or sulphuric ether, the unfilled part leaving 
merely a bubble occupjdng a considerable portion of the 
length of the tube. This tube is purposely curved in a 
slight degree, with its convexity upwards, so that, when the 
tube is very nearly horizontal, the bubble will rest in a 
definite position in the upper part. This glass tube is set 
in a frame of brass, and a scale is fixed to the upper part 
of it. It is also provided at the extremities of its frame 

* From fitxpoCf small, and /icrptiv, to mcRswxe. 
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either with hooks by which it can be attached to the pivots 
of the instrument, or with feet terminating in forks, by 
which it can be made to ride upon them. Now, suppose it 
is knoAvn that, when the level is attached to an instrument 
whose axis is horizontal, the ends of its bubble (or, more 
properly, its centre, which can r^ 
be known from the scale read- [l: 
ings for its two ends) occupy a '^"■~" 
certain position, then, if the 
axis cease to be horizontal, it 
is evident that the bubble will 
occupy a different position, 
known by reading its scale, and 
the space through which the 
centre of the bubble has been moved measures the in- . 
clination of the axis. The value of the scfle divisions, 
that is, the error of level corresponding to any number of 
such divisions, is previously found by some such method as 
attaching it to a graduated instrument placed with its circle 
vertical, and finding how many scale divisions correspond 
to a known space turned through by the circle; or by 
placing it on a frame called a level prove)', whose plane can 
be altered in horizontality by a screw, the inclination of 
whose thread is known. In the proper use of the level, 
observations are always made with it in reversed positions, 
that is, the scale readings are taken for the ends of the 
bubble, and it is then turned round and placed in the re- 
versed position, and the scale is then read again. We cannot 
afford space to show how it is applied to ascertain the form 
and equality of size of the pivots of the instrument ; but 
the student who may wish for farther information may 
consult some of the works that treat more systematically of 
astronomical instruments. 

43. Imagine, now, that by this means the error of level is 
found to be m", the west end of the axis being higher by 
that quantity; so that for any star the correction will be 
additive, the telescope being tilted too far east. It is plain 
that the angular deviation of the line of collimation axis from • 
the meridian will become greater as the object is higher 
above the horizon, being nothing at the horizon and greatest 
at the zenith. It will, in fact, vary as the cosine of the 
zenith distance ; and, since the star moves more bAo^Vj ^^'st 
this space in approaching the pole m Y'^or^otNAsyQ. *v^ ^^'^ 
reciprocal of tho sine of Nortli Polax aia\.mc^, V3 xoi^woasx^ 
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ia the same maimer as for the error of coUimatioii, it is plain 
that the correctioii to the time of transit will be 

m'xcos. Zenith dist. 

• 

15 sin. North Polar dist. 

44. Oar instrument is now, when corrections have been 
applied for these two errors, reduced to the same state with 
regard to accuracy as if its line of collimation axis always 
described a great circle of the heavens passing through the 
zenith. It will also be observed that the means are purely 
mechanical by which this has been effected, no reference 
being made to the heavens in obtaining the errors ; but, since 
the position of the meridian is only known by its being the 
plane at which the stars generally culminate, or at which 
they come to their highest or lowest point, it is plain that, in 
determining the position of the optical axis of the telescope 
with regard to the meridian, we must have recourse to them. 
Now, there is a bright star near the pole (Polaris) which 
everybody knows — ^the large star, in fact, of the constellation 

Ursa Minor — ^which serves admirably 
for this purpose ; and we will show how 
observations of it are made to determine 
the deviation of the telescope from the 
meridian. 

45. Let A M N B represent the small 
circle described by the pole-star on any 
day round the pole ; z the zenith of 
the place of observation ; and z a p b 
a portion of the intersection of the 
meridian with the sphere of the hea- 
vens ; z M N, a portion of the projec- 
tion of the plane swept out by the 
central wire of the telescope (the 
errors of collimation and level being 
allowed for or got rid of). Draw the 
arcs p M and p n. Then the star, pro- 
ceeding in its diurnal course in the 
direction of the arrow-point in the 
figure, culminates at a, and is on tho 
meridian below the pole at b, but it is 
observed by the telescope at m above 
tho pole and at n below. Hence, in culminating, it will 
pass too late by the time taken in desciVbiiv^ ll[io «tc k ^^ 
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and below the pole it will pass too early by the time taken 
in describing the arc b n. Now, suppose the deviation of 
the telescope from the meridian to be p", then the effect of 
this deviation is nothing at the zenith and has its greatest 
value at the horizon, and, by reasoning similar to that for 
the error of level, it is evident that the effect on the transit 
of a star will be, in seconds of time, 

p* X sin. Zenith dist. 



15 X sin. North Polar dist. 



Hence, if z and z* be the zenith distances of Polaris above 
and below the pole, the time of describing the arcs a m and 
B M will be 



sin. z , sin. a' 



15 sm. N. P. D. 15 sm. N. P. D. 

where a and h are the computed values of the preceding 
multipliers of p. If, then, t and t' be the observed times of 
transit of Polaris above and below pole, the times corrected 
to the meridian will be * — pa and t! •\- p hy and it is plain 
that the difference of these times is accurately twelve hours. 

Hence, i + ph — {t —p a) = 12^. 

12h._«' + t 

^= a + 6 • 

46. If two consecutive transits of Polaris cannot be ob- 
served, the error can be obtained by comparing the times 
of transit of it and some well-known south star, passing the 
meridian nearly at the same time, with their tabular right 
ascensions given in the Nautical Almanac, each transit being 
affected with an error calculable as those above given ; but 
the above method does not require the right ascension of 
Polaris to be known, though it requires the change of r a in 
twelve hours and the rate of the clock. 

47. The following diagram represents a transit instrument 
mounted on its piers; and its use is, when it has been 
corrected for the errors above explained, to determine the 
exact time by the clock at which any celestial object passes 
the meridian. In its description we have, perhaps, rathat 
passed the limits prescribed in a poT^xxlat XxCk^Nk^^ \ Vq^» ^^ 
have thought it above all thinga deair^SAo \.o ©^^^ *w^ ^^^.'^o's^ 
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possessed of a small degree of mathematical knowledge an 
opportunity of learning, in its simplest form, the natnro of 
this fundamentally important instrument, and the way in 
which it is <;leared of its errors, and made to perform the 
work which it has to do, according to the practice of the 
hest ohservatories. 

48. The clock time at which any star passes the meridian 
can thus be found with perfect accuracy, and the instrument 




can then bo used for determining the right ascension of all 
objects whatever, by means of their clock times of transit, 
in the following manner : — In the Nautical Almanac are given 
the places of a list of stars, nearly 200 in number, which 
have been constantly kept under observation for many years, 
in most cases during the greater part of a century. The ta- 
bular right ascensions of several of these stars observed on 
anjr night are compared with their times of transit over the 
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meridian, and each comparison gives what is technically 
called a clock error; these clock errors again, hy comparison 
on different nights, give the clock rate, or its gain or loss 
in 24 hours ; and, finally, the clock errors and rates thus 
found being applied to the observed times of transit of all 
the objects observed, their right ascensions are found, 
referred to the same fundaments point as that used in the 
formation of the "Nautical Almanac" list of stars, and 
therefore subject to the error of the assumed place of the 
equinox in that list. It has been previously mentioned that 
right ascensions are measured from the point of intersection 
of the ecliptic with the equator, and of course, for a deter- 
mination of this point, a knowledge of the solar motion is 
indispensable. Maskelyne's method was to assume pro- 
visionally the right ascension of the star a Aquilae, and 
ynih this star to compare the Sun and every other object 
which he had occasion to observe. He also observed, for 
some time before and after the vernal and autumnal equinox, 
the North Polar distances of the Sun ; and, knowing the 
value of the obliquity of the ecliptic (that is, the inclination 
of the equator to the ecliptic) with sufficient accuracy, he 
computed the Sun's right ascension from the observed 
values. These right ascensions compared with the observed 
right ascensions gave the error which had been committed 
in the assumed right ascension of a Aquilse, and afforded 
means for referring all the objects to the correct place of 
the equinox. In the present state of astronomy, the same 
principle is followed, the chief diflference being that the 
assumed right ascensions of several standard stars are em- 
ployed instead of one. 

49. We are thus able to find one of the co-ordinates neces- 
sary for determining the position of a body in the heavens, 
as referred to the equator ; and we must now describe the 
means used for determining the other co-ordinate, that is, 
the North Polar distance. 

60. In modern English observatories this is accomplished 
either by a separate instrument, called the Mural Circle, or 
Meridian Circle, of which the telescope, which is parallel to 
the plane of the circle, moves in the plane of the meridian ; 
or, still more recently, by the circle attached to an instru- 
ment called the Transit Circle, which combines the properties 
both of the Transit Instrument and the Mural Circle* ^^ 
the mode of use of the circle in both. c«t^fe% -v^ m \tei.<2»'^ ^^ 
respects the same, it will be B\xfficieTi\. \.o x^iXaasi Vet'^^ '^'^ 
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acoonnt of the Moral Circle which was given in the first 
edition of thia book. This inBtmmeat, then, consists chiefly 
of a large circle of brass or other metal, moving in the plane 
of the meridian, strengthened by several stout spokes or 
radii, and in general shape resembling a wheel. At its 
centre it conies a conical asis at right angles to its plane, 
famished (next to the circle) with a large steel cylindrical 
collar, of about six inches in diameter, intended for the 




bearing of the instrument. This axis is inserted into a 
hollow cone, carried on a plate sunk into the east or west 
side of the pier built for the purpose of carrying the circle, 
and provided vrith a metal Y support for the steel bearing 
of the axis, and with the means for secnring the circle in its 
proper position for aae. A telescope furnished with a conical 
axis, which enables it to revolve freely if necessary, is 
setnirdjr hatened to the rim of the circle at ouuosito ex- 
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tremities of a diameter ; and it is usual, for the purpose of 
getting rid of constant sources of error arising from faults in 
the form or graduations of the circle, to shift occasionally 
its position on the circle. The telescope carries a frame of 
several vertical wires in the principal focus (generally five), 
of which the middle wire is very nearly in the meridian, 
and is also furnished with a horizontal wire movable by a 
micrometer. It may be proper in this place to explain that 
a wire micrometer is. an apparatus attached to almost all 
telescopes used for measuring angular space, consisting of 
one or more wires stretched across a frame sliding in a box, 
and carried in a direction at right angles to their length 
by means of the antagonistic action of a screw and a spiral 
spring. The screw carries a head, divided generally into 
sixty or one hundred parts, and an index is fixed beneath 
this head to some part of the frame or covering of the mi- 
crometer, for reading the results. When such a micrometer 
is attached to a telescope, the value in angular space of one 
revolution of the screw, that is, the angular space through 
which the wire is carried by turning the screw once round, 
may be found by measuring with it the distance between 
two known stars, or, if the telescope be fixed to a mural 
circle, by laying the wire by moans of the screw of the 
micrometer upon a distant object, and then finding how 
much the circle is turned round in bringing the wire again 
upon the same object after the screw has been turned through 
a known number of revolutions. 

51. Into the cylindrical rim of the circle, at right angles to 
its plane, is inserted a band of silver or platinum, and the 
accurate division of this band is the severest test of the skill 
and care of the artist. It is usually divided into spaces of 
five minutes of arc, and the whole degrees are marked round 
the circle, and the spaces of 15', 80', and 45' carefully 
distinguished, to insure facility and accuracy of reading. 
Opposite to this divided band, and fixed firmly to the stone 
pier, are placed at sensibly equal -distances six microscopes, 
furnished with wire micrometers of the construction described 
above, the heads being generally divided into sixty equal 
parts, and so adjusted that five turns of the screw carry the 
wire-cross very nearly from one division of the circle to 
another (that is, through five minutes of angular space), and 
therefore that one division of the micrometer-hfe^^^ott^'s^^'tiSsa. 
to a second of space. The reader wWi observe ^^^» 'CafcT^ ^^^^ 
three pairs of reading microscopea 6il\x«A.e^ «A» ^liXxevccviy^'^'^ ^ 
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diameters of the circle 60° apart. Now, theoretically, if the 
circle were of perfect form, and perfectly centered and gra- 
duated, one reading microscope would be sufficient, but, from 
necessary imperfections of workmanship, these conditions 
cannot be fulfilled, and the reading of the six microscopes 
will, in a great measure, get rid of any important errors 
arising from any one of these causes, if the instrument be 
moderately well constructed. We will confine ourselves to 
briefly explaining the eflfect of two opposite microscopes in 
getting rid of the effect of eccentricity, or false centering. 

52. A and b repre- 
sent opposite micro- 
scopes for reading 
the circle drawn in 
the diagram. The 
centre of the circle is 
0, but it tumsround a 
false centre o'. Now, 
imagine the circle to 
be used for mea- 
suring the angular 
distance between two 
stars as they pass 
the meridian, or the 
difference of their polar distances (which is the primary use 
of the mural circle). Let a o' d' represent the angle to be 
measured, and draw doe parallel to n' o' e' ; then the circle, 
turning round o' , will revolve through the angle a o' d' for 
the observation of the second star, and the division at d' will 
be under the microscope a, and the division e' under the 
microscope b ; but, if the circle had revolved round its true 
centre o, the divisions at d and e would have been under the 
microscopes. Hence, microscope a would measure the angle 
in defect by the arc d d', and microscope b would measure it 
in excess by e e', equal to d d'. If, therefore, the means of 
the readings of a and b be .used instead of the single readings 
of either, the resulting angle will be correctly measured, not- 
withstanding the eccentricity. 

58. Mr. Pond (Astronomer Royal from 1811 to 1835) 
made many of his early observations by the use of two 
microscopes ; but it is evident that by using additional pairs, 
distributed round the circle, much greater security is given 
for the general accuracy of the results, and errors of faulty 
division and imperfect form of the circle vfiW \>q m «k ^x^«it 
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degree got rid of; in the ordinary use of the circle, therefore, 
the six microscopes are always read for every observation. 

64. We have said that ike mural circle measures only 
differences of angular space, that is, we have a reading of the 
circle for one object and a reading for another object, and 
the difference of readings is accurately the difference of their 
polar distances; but, if one of these objects were exactly 
in the pole or exactiy in the zenith, the difference would 
be then the polar distance or zenith distance of the other 
object. 

65. Now, theoretically, a polar point could be obtained 
(that is, the reading of the circle for an object at the pole) by 
observing a circumpolar star at its upper and lower passages* 
across the meridian, and then, after properly correcting the 
results for refraction (which we mention by anticipation), 
taking the mean of the results ; but this method would prove 
troublesome in practice, from the difficulty of obtaining a 
suf&cient number of observations of the same star above and 
below the pole, in addition to the objection arising from the 
combination of observations made at an interval of time 
during which some change might have taken place. A much 
better method, and that usually practised, is to observe the 
angular distance between a star and its image reflected in a 
trough of mercury, since half the difference of the two read- 
ings gives at once the altitude, and half the sum gives the 
reading for an object in the horizon, whence it is easy to get 
the reading for an object in the zenith, or, speaking techni- 
cally, the ** zenith point." By observing several stars in 
this way, on the same evening, the zenith point can be ob- 
tained with all desirable accuracy; and hence the zenith 
distances for all other objects are obtained directly from the 
circle readings. By a skilful observer, the direct and the 
reflexion observations can be made perfectly well at the 
same transit of a star, in the following manner : — ^A list is 
prepared of the circle readings of a certain number of stars 
that can be conveniently or accurately observed by reflexion. 
A few minutes before the time of transit, the circle is turned 
till the telescope is in the proper direction to receive the 
reflected rays, and the mercury trough is also properly ar- 
ranged. The observer then, after reading the six microscope 
micrometers, ascends the stage of the circle, and, viewing 
the reflected image of the star, bisects it by IIdl^ ^\x^ <5»sxsfe^ 
by the telescope micrometer, when, "by V^i^ ^xrcM^^a^^^^"^!^ 
28 brought nearly iio the centoal vertical -wxei, ^\i^^> Tvxaassc^ 
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rapidly down from the stage, he nnclamps the circle, aud 
turns it till the direct rays from the star are received into 
the telescope, when the circle is again clamped, and ' the 
star brought upon the wire by the slow motion screw of the 
clamp. The six microscopes are then read again, as well as 
the telescope micrometer, when the observation is complete. 
This excellent mode of using the mural circle was first used 
by Airy, when Director of the Observatory of Cambridge. 
Ajiother method of obtaining the value of the zenith point, 
now greatly practised, is by the use of what is caUed 
Bohnenberger*s eye-piece ; that is, of an eye-piece with 
three lenses, furnished with a reflector either of perforated 
metal or of glass for illuminating the field of view. By this 
eye -piece, when the telescope is placed vertically with its 
object-glass downwards, a distinct view is obtained of the 
micrometer vnre, and of its image reflected from a trough of 
mercury placed beneath the telescope ; and, by the micro- 
meter readings corresponding to the coincidences of the two 
images, together with the readings of the microscope micro- 
meters, the nadir point — that is, the point opposite to the 
zenith — ^is obtained. 

56. Though we are rather anticipating, it is necessary to 
remind the student that, on account of the refraction which 
the rays from any heavenly body suflfer in passing through 
our atmosphere, the readings of the barometer and ther- 
mometer are necessary for the reduction of every observation 
made with the mural circle, since the amount of this correc- 
tion depends upon the density and temperature of the air. 
We shall discuss this more completely in the next chapter. 
However, by the foregoing explanation the reader will 
understand that the apparent zenith distance of any heavenly 
body can be accurately observed, and he must take for 
granted for the present that the true zenith distance can 
be deduced from this by application of the refraction. It 
then only remains for us to show how fr*om these results 
of zenith distance the latitude of the place of observation 
can be determined, and the polar distances of the objects 
deduced. 

57. Let E p z Q o represent a projection of the meridian ; 
p the pole of the heavens ; z the zenith ; e q the equator ; 
and H the horizon ; z o being at right angles to h o, and 
p to E Q. Then it is evident that z q or its equal p h is 
the latitude of the place of observation. But p h is the altitude 

o/ ihepole above the horizon. Hence we \iavG \ii\a %<&\iq>i^ 
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rule, the altitude of the pole is equal to the latitude of the phw6 
of ohsei^ation, 

58. Also z p, the arc included between the zenith and the 
pole, is the comple- 
ment of the latitude I 
or the co-latitude, 

59. Now let s s' 
be the small circle 
described by Polaris, 
or other circumpolar 
star, transiting the 
meridian at s and s'. 
Then in the course 
of the year a con- 
siderable number of 
observations of the 
zenith distances z s 
and z s' may be made 
with the mural cir- 
cle, and hence it is plain that z p, the co-latitude of the 
observatory, which is half the sum of z s and z s', will be 
determined. When this is once determined the observed 
meridian zenith distances can be converted into polar dis- 
tances by its application, since if s s' bo the path of any other 
body, p« = zp+ zs. 

60. Thus we have described how to determine the two 
co-ordinates which together define the apparent place of a 
star or other object of astronomical observation in the 
heavens, as referred to the celestial equator ; the right ascen- 
sion by a transit-instrument, and the polar distance by a 
mural circle. But it is evident that great advantage will be 
derived from combining the two instruments into one, and 
so determining both co-ordinatee at the same observation. 
This has been obtained, in the improved constructions of 
modem times, by the Transit Circle, or, as it is sometimes 
called, Meridian Circle. At the Royal Observatory, Green- 
wich, and at other great observatories, instruments of this 
class have superseded the two separate instruments which 
were formerly used ; we must therefore devote a few words 
to it. 

60*. The Transit Circle consists mainly of a transit tele- 
scope placed in the plane of the meridian, and turning, oia^^ 
horizontal axis, but with the addiliOTO. olVr^c^ ^ojoaN. ]scl^ ^s^ye^r 
metrical drclea attached to t\ie ttx.\a oio. ^^Oo^ €\^^ ^"^ ^"^ 
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central cube. One of these circles is read by four or six 
microscopes, as in the case of the mural circle, and the other 
is used for setting the instrument, or for clamping it fast. 
From its construction, it does not admit of easy reversion 
for the purpose of determining the error of collimation, and 
this operation is effected by means of two collimating tele- 
scopes, one north and the other south of the main telescope, 
and with their axes as nearly as possible in the meridian, 
or coincident with the axis of the telescope of the transit 
circle. This instrument also does not admit of the easy ap- 
plication of the spirit-level, and the error of level is found 
by the use of Bohnenberger's eye-piece before mentioned, by 
observing the reading of the transit telescope-micrometer for 
the coincidence of the direct and reflected images of the cen- 
tral transit wire, and comparing this reading with that for the 
line of collimation. 

61. The above instruments, viz. the transit instrument 
and the mural circle or transit circle, are the only meridian 
instruments generally used, but we must not omit here a 
passing mention of the altazimuth, or altitude and azimuth ' 
instrument, since an instrument of this class was erected by 
Airy at Greenwich in 1847, which by its solidity and firm- 
ness has produced a series of observations of the moon rival- 
ling those made with the meridian instruments in excellence, 
and supplying observations for a portion of the orbit of the 
moon, near her conjunctions with the sun, which could be 
obtained by no other means. 

62. This instrument consists in its simplest form of a frame 
revolving on a vortical axis, with which is connected a fixed 
horizontal circle, graduated like the mural circle. The frame 
carries Y bearings, for the axis of a telescope included be- 
tween two vertical circles, one of which is also graduated, 
and the telescope revolves on its pivots like a transit instru- 
ment. Each circle is read by microscope micrometers 
(generally four in number, situated at equal distances round 
the circles), and in the principal focus of the telescope is 
fixed a frame carrying six vertical and six horizontal wires. 
Observations of azimuth and of altitude of a body are made 
separately in reversed positions of the vertical circles, by 
clamping separately the vertical and horizontal circles, taking 
the transit of the object as it passes obliquely through the 
field, over the vertical or the horizontal wires, and reading 
the microscopes of the horizontal or the vertical circle, ac- 
cordingly as azimuth or altitude is the element observed. 
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For determining the deviation from verticality of the vertical 
axis of the instrument, and the deviation from horizontality 
of the horizontal axis of the vertical circle, the instrument is 
provided with spirit-levels attached to its revolving frame, 
respectively parallel to the vertical circle and the horizontal 
axis. We have not space, nor is it very important for our 
object, to describe minutely the manipidations and adjust- 
ments of this instrument, but for a minute description of that 
at Greenwich, we must refer to the article above mentioned. 
63. Another instrument which we feel it necessary to de- 
scribe is the Equatorial Instrument, which plays an important 
part in modem astronomy. There are some objects, such as 
comets and the recently discovered small planets, for which 
a sufficient number of observations cannot be obtained on 
the meridian, but which can be observed for a considerable 
period of time by an instrument capable of following them to 
other parts of the heavens, before or after their meridian 
passage. Such an instrument is the equatorial, which wo 
now proceed to describe. Its general construction is similar 
to that of the altitude and azimuth circle, with this important 
difference, that its principal axis of revolution is paraUel to 
the earth's axis, instead of being vertical. The pivots at the 
extremities of the axis have their bearings on stone piers 
built for them, the upper pivot resting in a Y, and the 
lower one working in a socket or hemispherical cup of metal. 
In that class of instruments most frequent in England (such 
as the Shuckburgh equatorial at Greenwich, made by Eams- 
den, to which the following description chiefly refers, as well 
as the large equatorial since erected at that observatory), 
the telescope is in the plane of the polar axis, and is carried 
by a strong frame-work of bars of metal connected with 
parallel circular plates, which carry the upper and lower 
pivots. This frame carries the telescope, flrmly fixed be- 
tween two circles (one of which, called the declination circle, 
is graduated, and the other is used for clamping) by means of 
a cross axis (called the declination axis), terminating in 
polished cylindrical pivots ; and the telescope, together vnth 
the declination circle, is thus capable of revolving freely in 
planes passing through the poles, that is, in meridian planes. 
A graduated circle, frequently fixed to the pier, carrying the 
bearing of the lower part of the polar axis, serves to measure 
the hour angle, that is, the angle made by the meridiaxL -^\s)S^^ 
with that circle of declination on 'wToiciYL VJto.^ \>o^ '"v^ -h^^^s^ 
observed, and the telescope carriea «^ ixwoi^ oi ^^^ ^vt'^a 
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parallel to the declination circle, and one or more wires, 
moved by micrometers, at right angles to them, or parallel 
to the equator. If the hour circle reads nearly 0^ 0™ ()■-, 
when the object observed is on the meridian, then the dif- 
ference between the sidereal time (that is, the clock-time 
corrected for the clock error obtained by comparison with the 
transit-clock) and the reading of the hour circle, gives the 
right ascension of the object observed, subject to the index 
error of the hour circle, which must be obtained by observa- 
tions of known stars, and the errors arising from the faults 
of adjustment of the instrument. Hence it is evident that if 
a star be once in the field of view of the telescope, and the 
telescope be clamped, it may be kept in the field by' simply 
turning the polar frame round the axis with a velocity equal 
to the earth's diurnal rotation, for the telescope itself will 
sweep out a conical surface, which, when produced, will 
meet the sphere of the heavens in the diurnal circle described 
by the star. The greater number of good equatorials are now 
provided with machinery driven by clock-work for giving 
this motion; and by these means any measures can be 
made of objects within the field of view, or any examina- 
tion instituted, in the same manner as if the objects were 
at rest. 

64. It is necessary, for the complete adjustment of the 
equatorial instrument, first, that its polar axis be parallel to 
the earth's axis of rotation — ^that is, that its elevation be 
equal to the latitude of the place (57), and that it do not 
deviate in azimuth to the east or west; secondly, that its 
declination axis be at right angles to the polar axis ; and, 
thirdly, that the line of collimation of the telescope be at 
right angles to the declination axis. For the first adjust- 
ment, the Y carrying the upper pivot is fixed in a plate 
admitting of two motions, one in the meridian and ono at 
right angles to it ; and the amount of correction is found by 
observations of stars near the meridian, above and below 
the pole, and of other stars about six hours before they pass 
the meridian, and six hours after. The observations in or 
near the meridian determine the error of elevation of the 
polar axis, and the six-hour observations the error of 
azimuth ; all the observations being made in reversed posi- 
tions of the declination circle. The error of collimation is 
found by observing in right ascension an equatorial star in 
reversed positions of the instrument, that is, by taking tho 
time of transit over the wires and reading the hour circle 
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(since, for objects on the equator, the effect of a small error 
of position of the declination axis produces no error in the 
time of transit) ; and, finally, the joint effect of error of 
collimation and of position of declination axis will be found 
by observing, in reversed positions of the instrument, a star 
not very far from the pole. The carriers of the pivots of 
the declination axis are provided with screw-adjustments for 
rectification of the axis ; and the error of collimation must 
be got rid of by shifting the position of the wire frame, by 
means of screw- adjustments with which it is provided. 

65. The proper use of an equatorial is to observe differeu' 
tially such objects as cannot be observed sufficiently on the 
meridian, by selecting some star for comparison conveniently 
situated, and comparing the position of the two objects ; 
obtaining the diffprences of their right ascensions by their 
observed times of transit over the vertical wires, and their 
differences of polar distance by observing each object on the 
micrometer wire. Even when the instrument is thus used, 
such observations are generally inferior to those made with 
the meridian instruments, on account of the want of symmetry 
and firmness necessarily arising from its oblique position. 

66. Another instrument necessary to be described is the 
Zeiiith Sector, or instrument for measuring small angular 
distances from the zenith with great accuracy. This consists 
of a frame revolving on a vertical axis, and carrying a 
telescope moving in the plane of the frame on an axis per- 
pendicular to the plane. A graduated circular band, whoso 
centre is the centre of motion of the telescope, is attached 
to the frame, and is read by a micrometer microscope mov- 
ing with the telescope. For determining the inclination of 
the axis of rotation of the frame to the vertical, two methods 
may be adopted : that is, it may be done by means of a 
plumb-line, or of spirit-levels. The first method is that 
which was used in all the old zenith sectors, and in par- 
ticular with the celebrated sector used by Bradley. The 
second method is that employeii by Airy, in the sector 
constructed under his direction for the great English survey. 
Another ingenious construction, also devised by the latter, 
is applied to the sector actually used at Greenwich at 
the present time. An object-glass, with a micrometer 
attached to the frame that carries it, is fixed to a tube 
placed vertically over a trough of mercury ^V\si>o^ Sa» 
distant from the object-glass by \ia\i \\.^ ioc«i\.\Qrcv^^'. ^"^^^^ 
capable of rapid and easy reversion, Tl^ie^xwj^ 'Icom^^'^ 
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then, which tend to form an image at the actual focus of the 
object-glass, are reflected from the mercury, and form an 
image just above the object-glass ; this image is viewed 
through an eye-piece placed properly to receive it. The 
star is observed in reversed positions on two wires carried 
by the micrometer, and the inclination of the tube is 
measured by a spirit-level placed in the direction of the 
meridian, though the instrument is so constructed that a 
small error of level produces scarcely any effect on the 
zenith distance. 

66*. This chapter on instruments would not be complete 
without a passing mention of an important use made of the 
transit instrument in recent times, by placing it at right 
angles to its usual position, that is, with its telescope in a 
plane at right angles to the meridian (called the prime 
vertical), and its horizontal axis in the plane of the meridian. 
By observing the transits of stars not very far from the 
zenith as they pass the prime vertical on the east side and 
on the west, it is plain that we shall have data for deter- 
mining the star's hour angle, and consequently, if its North 
Polar Distance be known, the colatitude of the place of 

observation. Thus, in the 

■ "'^'-^-^ «'? figure, let p and z repre- 

/ sent the pole and the ze- 

/ nith, p z the projection of 

/ the colatitude, and a z b 

/ that of the prime verti- 

/ cal ; p s, or p s', the 

/ N. P. D. of a star transit- 

ing the prime vertical at 
s and s'. Then the angle 
s p s' (expressed in time) will be the diflference of the ob- 
served times of transit, and the half of this difference will 
be the hour angle, or angle s p z, which is therefore known ; 
and, the North Polar Distance of the star, or s p, being 
also known, we can readily find z p, or the colatitude, by 
solution of the spherical triangle s p z. The above is only a 
very imperfect sketch of this method of finding the colatitude 
of an observatory, which needs much refinement in carrying 
it out, when great accuracy is required. It is absolutely 
the best existing method, and many modern observatories 
are furnished for this purpose with a transit instrument in 
the prime vertical. 
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CHAPTER m. 



ON REFRACTION, PARALLAX, ABERRATION, PRECESSION, 

AND NUTATION. 

67. If every object in the heavens were really in the 
position in which it appears to be, and if the points of 
reference were also fixed and permanent, the business of 
the astronomer would be comparatively easy ; but the fact 
is the very reverse of this. 

68. The objects themselves will appear differently situated 
to observers on different parts of the earth's surface from 
two distinct causes, the one being that the rays by which 
they are seen are bent out of a straight line in their passage 
through the different strata of the atmosphere, and the other 
being the spheroidal figure of the earth. The first effect is 
common to all the heavenly bodies, and is called refraction ; 
the second affects sensibly the positions only of those bodies . 
whose distances are not immeasurably greater than the 
diameter of the earth, such as the Sun, Moon, Planets, and 
Comets. The fixed stars are all placed at distances so vast, 
that the displacement from this cause is absolutely in- 
sensible ; and even that produced by the motion of the 
earth in its orbit, which produces for measurement a base of 
not much less than two hundred millions of miles, is also 
insensible, except in a very few instances, which we shall 
speak of hereafter. 

69. Again, the two points ot reference for determining 
the positions of the heavenly bodies, viz. the pole and the 
intersection of the ecliptic and the equator, are not fixed. 
The pole of the heavens, besides having a slow motion, by 
which it is carried always in the same directioxL^ ^^^ ^'s»\Rk 
describe round the pole of the ecVVplic a^oi^ <ivt<2^^ ^x^ *^^ 
sphere in about 25,868 years, iB also Ql\%\.x>x^^^ \TtQ.«^«^M 
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by tlie action of the sun and moon on the spheroidal earth ] 
60 that it does not describe this path quite uniformly, or in 

an exact circle, but traces out in the 

"s heavens a kind of zigzag* line, simi- 

\ lar to that given in the figure, and 

\ by this means gives occasion for 

< \ troublesome corrections to be ap- 

\ \ plied to the places of every object 

observed. 

70. Lastly, there is a displace- 
ment of all the heavenly bodies, 
arising from a cause totally different 
from the former, that is, from the velocity of light combined 
with the orbital motion of the earth. This displacement was 
first detected by the illustrious Bradley, by means of a long 
and excellent series of observed zenith distances of y Draconis, 
a star of nearly the third magnitude, passing the meridian of 
Greenwich within 2' of zenith distance, so that the refraction 
is quite insensible, and the observations are free from the 
uncertainties which it produces in all those of which the 
zenith distances are considerable. 

71. Now, before an observation can be rendered available 
for the ulterior objects of astronomical science, it is necessary 
that it be corrected for all the causes of displacement which 
have been mentioned; and therefore, in this stage of our 
work, it will be necessary to give such explanations of them 
all, and of the methods of computation by which they are 
allowed for, as our plan will admit of. 

We commence with Refraction. 

72. Our readers, we will presume, are in some degree 
acquainted with the science of optics, or at least they are 
so far acquainted with it as to be aware that a ray of light, 
in proceeding out of a rarer into a denser medium, — ^from 
air into water, for example, — ^is bent out of its course in such 
a way as to make a smaller angle with the perpendicular to 
the surface separating the two media. The familiar expe- 
riment of partially immersing a straight stick in a basin of 
water will be immediately suggested to the memory of our 
younger readers : the stick no longer appears straight, but 
broken at the surface of the water, so that the part below 
the water appears higher than it really is. The law of 
optical refraction is this, that for the same media the sine of 
the angle of incidence is always proportional to the sine of 
ihe angle of refraction. 
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73. Now, the earth is enveloped by an atmosphere extend- 
ing several miles in height, and of sufficient density to bend 
oat of their coarse the rays of light proceeding from the 
stars and planets, which are incident obliqaely on its sarface. 
At the zenith the rays fall perpendicularly on the sarface, 
and saffer no refraction ; bat for every other direction they 
are bent or refracted, and the more so as they come from a 
point further from the zenith or nearer to the horizon. Any 
uncertainty in the amoant of this refraction will vitiate an 
observation of any heavenly body to that amount ; and 
therefore great pains have been taken by varioas eminent 
astronomers, not only to discDver the laws by which the 
refraction is regalated, but, by observations made for the 
purpose, to discover its exact quantity, and, finally, by means 
of tables, to render the amount in every given case easily 
calculable. We will proceed, then, to show the nature of 
the hypotheses on which the formulsB for the construction of 
these tables are based. 

74. If the atmosphere were of uniform density, and if the 
density were always the same at the same place, the law of 
sines given above for optical refraction would be immediately 
applicable ; and there would be no difficulty in devising a 
formula to represent numerically the exact value of the re- 
fraction in every case. But the density is, in the first place, 
not uniform; the strata nearest the earth being heaviest, 
and those at the boundary of the atmosphere of extreme 
tenuity. Again, the density varies according to the tem- 
perature, and according to the height of the mercury in the 
barometer ; and the refraction will ■ therefore depend upon 
these elements, as well as upon the zenith distance. It is 
usual, then, to calculate what the refraction will be for some 
standard readings of the barometer and thermometer ; and 
then, by means of the known laws of aeriform fluids, to cal- 
culate how it will be altered, or by what factors it must be 
multiplied to represent the actual refraction at the time of 
observation. The standard height of the barometer chosen 
in English tables is 29*6 in., and the standard temperature 
50^ of Fahrenheit's scale ; and for any other higher or lower 
values, the refr'action will vary according to the direct pro- 
portion of the actual height of the barometer compared with 
the standard height, diminished or increased in the propor- 
tion by which the mercury in the barometer, aiid ^\^<b ^^^^asa^^ 
of the air, have been increased ox dijmm.^^^ ^il V^^'st. <2fs. 
lower temperature. 
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75. Imagine now a ray of light to proceed from an object 
whose zenith distance is z ; that is, to be incident obliquely 
on the outer surface of the atmosphere, as is represented in 

the figure, wherein the inner 
circle represents the surface 
of the earth, and the outer 
circle the boundary of the 
atmosphere ; z is the zenith, 
and SAB the path of a ray 
coming straight from s to a, 
but bent into a continuous 
curve between a and b, till 
it reaches lihe eye of a spec- 
tator at B. The direction in 
which the object will be seen 
is determined by drawing 
the tangent b s' to the curve 
at b; and, as the convexity 
of the curve is turned to- 
wards the vertical, it is plain 
that the apparent place of 
the object will be above its 
true place, or the zenith dis- 
tance is diminished by re- 
fraction. Now, if the height of the atmosphere were not 
very small compared with the earth's radius, it would be an 
extremely difficult problem to determine the whole amount 
of refraction which the ray has undergone, but as the height 
is certainly not much above x\h^ pa^ of the radius of the 
earth, and the effective height, as causing refraction, is much 
less than this, the supposition of a uniform density is almost 
sufficiently exact ; and, indeed, the general solution of the 
problem is in practice subjected to such approximate assump- 
tions, that the result is nearly identical. The result of the 
investigation is, that for small zenith distances, the refrac- 
tion varies as the tangent of the zenith distance ; and that, 
for the larger zenith distances, the refraction thus computed 
requires a correction varying as the cube of the tangent of 
zenith distance. In very great zenith distances still nearer 
approximations are necessary; and below 86° the amount 
becomes extremely precarious, on account of the unequally 
heated portions of the earth's surface that the ray meets 
gD^ in its passage. 
^Htt For obtaining by observation the actual \B\\xea oi Wi^ 
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numbers entering into the formula for re&action, circumpolar 
stars are very usefully employed, y Draconis, for instance, 
passes the meridian very near the meridian of Greenwich, 
and its refraction is scaitsely sensible. If, then, the latitude 
of the Observatory be known, an observation of the mural 
circle above the pole, compared with one below the pole, will 
give the whole amount of the refraction for a zenith distance 
of about 76^ ; and this observed value equated to the value 
given in the general formula, will give the value of the 
constant quantity that enters into it. Bradley employed 
the greatest and least zenith distances of the sun (iliat is, 
the zenith distances at the summer and winter solstices) for 
obtaining data for the com|>utation of his table of refractions. 
The best modem tables of refraction are those given by 
Bessel in the TabuUs BegiomontancB, and they are exhibited 
in a much easier form for use in the Appendix to the Green- 
wich Observations for 1836. 

77. In connection with refraction, we may take the 
opportunity to make mention of the ordinary phenomenon 
of twilight. The sun is actually visible to us some minutes 
after he has really sunk beneath the horizon, by means of 
the refraction of the rays by which he is seen. But, after 
he has so far descended beneath the horizon that no rays 
directly reach us, a portion of his light still reaches us in a 
secondary way, after being reflected from the vapours of the 
different strata of the atmosphere, and from the minute solid 
particles of whatever kind which float within it. This 
reflexion, by which light is brought to us as the sun 
descends, takes place from still higher strata; the light 
therefore gets more feeble, and finally ceases, or gives place 
to total darkness, when the sun is about 18° below the 
horizon. 

78. The apparent zenith distances, then, which have been 
observed with the mural circle, are corrected by the addition 
of the refractions, computed from tables, constructed on the 
principles above exhibited, and are thus converted into 
tnw zenith distances ; that is, to zenith distances as observed 
at the surface of the earth. The reader must, however, 
bear in mind that though the astronomer has thus availed 
himself of all the resources of science to get rid of the vexa- 
tions eflects of the atmosphere in disturbing the places of 
the heavenly bodies, yet, for objects at a considerable ■i.<scaJ^ 
distance, an uncertainty yet remamB, QLe^6iAeo\» Oc^^^ ^"^ 
the varying state of local weaihex aTiSi <i\VEaa.\,e^ ^^sS\avsoN* S 
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prevent the attainment of very minute accuracy in single 
observations, or even in the means or averages of several 
observations of the same object. We shall see better the 
importance of this remark when we come to the more refined 
speculations of modem astronomy, respecting the distances 
of the fixed stars and other cosmical problems. 

79. In the ordinary processes of astronomy, however, we 
may assume that the stars are at such distances as, if not 
actually infinite, are incapable of measurement. We may also 
assume, without the risk of the smallest conceivable error, 
that rays drawn from any one of them to the centre and to 
any point of the earth's surface are absolutely coincident ; 
that is, we may assume that the observations have been made 
at the earth's centre, and referred to a plane parallel to the 
plane of the sensible horizon of the observer's position. By 
application, then, of the colatitude, the place of the star is 
correctly referred to the true pole, or the apparent polar 
distance is correctly derived, at whatever part of the earth's 
sui'face the observation was made. 

80. But, for objects whose distances are finite and measur- 
able, such as the sun, moon, and planets, this is not the case : 
the polar distances then depend upon the observer's position, 
and, before they can be compared, they must be referred to 
some common point, which will, of course, be the centre of 
the earth. The nearer the object is, the greater will be the 
angle between lines drawn from it and the two points of 
observation on the earth's surface, or the greater the paral- 
lactic displacement. The consideration of parallax follows, 
therefore, naturally after that of refraction, and the laws by 
which it is calculated for the sun, moon, and planets must 
be now investigated. It is evident that the most conspi- 
cuous effects of parallax will be exhibited in the moon, our 
nearest neighbour ; and this planet will therefore first claim 
our notice. Her average distance we shall find in the sequel 
to be about 60 radii of the earth, or, in rough numbers, 
nearly 240,000 miles. It is evident, therefore, that when 
she is in our horizon, the angle made by two lines drawn 
from her centre, one to the earth's centre, and the other to 
our position on the surface, will have for its tangent b«V» or 
the parallactic angle, or horizontal parallax, as it is called, 
will be rather less than one degree. 

81. Thus, if A be an observer's position, o the centre of 
the earth, and m the moon, the angle a m o is the horizontal 

^raUax; and a certain portion of this, oasily c&lc\iLable, and 
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amounting generally to a quantity varying from 30' to 50', 
according to the zenith distance, is the correction to be 
applied to de- 
duce the obser- 
vation from the 
surface to the 
centre of the 
earth ; that is, 
to deduce the 
Geocentric Ze- 
nith Distance from the True Zenith Distancem 

82. We will now see how the amount of the lunar parallax 
is detected and measured. In the first place, it is evident 
that the farther separated two stations are with regard to 
latitude, the greater will be the apparent displacement of the 
moon's place with regard to the pole, or the greater the 
observed differences of polar distances. If, then, we have 
observations made in two observatories, the one situated in 
a high northern, and the other in a low southern latitude,^ 
those observations will be suitable for the purpose of mea- 
suring the parallax. It is also desirable that the observa- 
tories be situated nearly on the same meridian, since the 
moon, being a very quickly moving body, will have changed 
her polar distance considerably in passing from one me- 
ridian to another widely separated; and the reduction 
necessary on account of her orbital motion will not only 
be troublesome, but will be precarious also on account 
of the refined knowledge of her motions which it will pre- 
suppose. 

88. Now such observatories exist, the one at Greenwich, 
in north latitude 51^ 28' 88", and the other at the Cape of 
Good Hope, in south latitude 33^ 56', and east longitude 
1^ 13"^ 55". The change of moon's polar distance during the 
time of her passage from the meridian of the Cape to that 
of Greenwich, forming so small a part of her whole daily 
motion in polar distance, can be calculated with sufiSicient 
accuracy from very approximate elements of her orbit cor- 
rected by her observed daily motion ; and we may consider 
the comparative observations to be made at the same 
moment of absolute time on the same meridian — that o!C 
Greenwich, for example. 

84. We will now proceed to show how such observations 
determine the amount of lunar parallax., ^^.xl'^. <i,QtL'6»<bQ5jvs"cis^ 
the moon's distance on which it depouSi^. 
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Let, then, a and a' be two stations on the same meridian 
of the earth supposed to be spheroidal, whose centre is c ; 
M the moon. Draw the verticals a z and a' z* to the sur- 
faces at A and a^ and a p, a' p\ parallel to the polar a:ds, 
pop'. Join G A, A^ and produce them to z and z\ Draw also 
AM, M, and a' m. Then the ellipticity of the spheroidal 
earth being known (see Chapter U.), the angles z h, z^ and 




?! a' sf, called the angles of the vertical, which the verticals 
make with the lines joining the points of observation with 
the earth's centre, can be computed by the ordinary prin- 
ciples of the conic sections, and these being subtracted from 
the observed zenith distances z a m, and z' a' m, the angles 
z A, u and z' jl m become known ; or, since z am = a ou 
+ A M c, and ;2^ a' M = a' M -f ^' M c, the sum of a m a' 
and A a' becomes known. But a o a' is known from our 
knowledge of the earth's shape, and of the latitudes of the 
two stations. Hence we have the parallactic angle at v, or 
the sum of the parallaxes observed at a and A^ To deduce 
from this an expression for the lunar parallax, which shall 
be generally useful in correcting the individual observations, 
a little more consideration of the law which it follows will 
be necessary. Confining our attention to the Greenwich 
station, the parallax is represented by the angle a m c. Now 
the sine of z a a ( = angular distance from Geocentric 
Zenith) : sine of a m o : : Moon's distance, o m : earth*s 
radJuB at Greenvnch. 
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Hence, 

sin. 2 A M X Earth's rad. at Greenwich 
Bin. A M = 



Moon's distance. 

Now if at the same time another observation were made 
at the equator when the moon was on the horizon, we should 
then have 

sin. of horizontal equatorial parallax =: 3 : . 

Moon's distance. 

Hence, by division, 

sin. A M Earth's rad. at Greenwich 

= ■ X sin. 3 AM. 

sin. hor. eq. par. Earth's equatorial rad. 

Call then horizontal equatorial parallax =a p, and 

Earth's radius at Greenwich , ... 

Earth'a equatorial radiua = "' » ^°^ quantity. 

Then, sin. parallax = r sin. p x sin. ;s; a m. 

Let, now, p and p' be the parallaxes, which together make 
up the whole angle a m a' ; and z and z' the corresponding 
reduced zenith distances ; then, 

sin. 2? = r sin. p X sin. z, and 

sin. p' = / sin. p X sin. i^ (/ being analogous to r, for 
the station at the Cape) ; also ^ + ^ = a m a' is a known 
quantity. 

From the above equations the moon's horizontal parallax 
for the distance o m can be calculated. Hence the distance 
o M itself can be calculated in terms of the earth's radius, 
and the shape of the orbit of the moon being supposed 
known, we can obtain her mean distance. 

85. For the sake of such of our readers as are not con- 
versant with mathematical symbols, we may observe that, 
in the quadrilateral figure, m a o a^ the sides a o and II o, 
as well as the angles at a, g, and a^ are known ; and hence 
it is plain, by simple geometrical considerations, that the 
sides AM, M, and a' m can be found. Thus, if a a' be joined, 
the angles o a a^ and o a' a, as well as the chord a a^ can 
be computed. Hence the angles m a a^ and m a' a, as well 
as the side a a' in the triangle a m a', are known, and the 
sides A M and a' m can be computed. Finally, o m can be 
computed, or the moon's distance from the centre o£ iVi& 
earth. 

86. Our readers will now better appTecv«A.e> >i^ek \m-^Q^"«^^^ 
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of those geodotical operations described in the preceding 
chapter, by which the earth's size and form have been accu- 
rately obtained in terms of an invariable measure of length. 
The base which has been used in this first instance of the 
extension of the measure to the heavenly bodies is, in fact, 
the chord a a^ with the angles at its extremities. The base 
is small compared with the distance to be measured, and the 
triangle is not what would be^ called in geodesy a tueU- 
conditioned tnangle. Still it is the best the circumstances 
admit of, and far better than we can get for the sun and 
planets, which are at immensely greater distances from us 
than the moon, and for which, therefore, the base for 
measurement is comparatively very much smaller. 

87. Even for the moon a slight inspection of the preceding 
figure will show that very small errors in the angles m a a', 
M a' a, and therefore in the observed zenith distances, will 
entail a large error in the distance o m ; but if, as in the 
case of the sun, the base a a' were, compared with the 
distance to be measured by means of the angles at its 
extremities, only ^^-^ih. part, it is plain that the unavoidable 
errors of observation and calculated refraction would bear 
so large a proportion to the angle a m a', that the result 
would be unattainable by this method. Now this is pre- 
cisely the case with regard to the sun, whose horizontal 
parallax is less than 9'^ and his mean distance from the 
earth about 92,400,000 miles. 

88. Other methods must therefore be employed in this 
case ; and it fortunately happens that there are two methods 
of observation, one of which can be frequently applied, and 
the other but very rarely, which have enabled astronomers 
to get a very close approximation to the value of the solar 
parallax. The applicability of both these methods depends 
upon the fact, that there is a law connecting the distances 
of the planets from the sun with their times of revolution 
round that body, which enables us, after having found cor- 
rectly the parallax of any one of them, to infer all the rest. 
This law we shall enunciate further on ; but at present it 
is sufficient to say that advantage has been taken of it to 
make the observations of the next inferior and next superior 
planet to the earth, viz. Venus and Mars, subservient to the 
finding of the solar parallax. 

89. Venus revolves in an orbit smaller than the earth, and 
sometimes, though very rarely, crosses the plane of the earth's 
orbit ID a direct line between it and the bmh, ^o «tft to «\^pear 
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like a black spot on his surface. Such ** transits of Venns," 
as they are called, occurred in 1761 and 1769 ; the last took 
placejin 1874, and the next will occur on the 6th of December 
in the present year (1882). James Gregory was the first geo- 
meter who perceived the importance of the observations of 
the '* transits " in relation to the solar parallax ; but great 
credit is due to the illustrious Halley for the special atten- 
tion he called to them. For observing the transit of 1761, 
the British Government sent out Dr. Maskelyne to St. Helena, 
and Mr. Mason to the Cape of Good Hope, to make observa- 
tions to correspond wth those which would be made in 
Europe, in many parts of which continent it would be visi- 
ble. The only northern country in which the transit of 
1769 could be observed was part of Lapland ; and after 
such deliberation as to the chocie of a southern station, it 
was determined by the British Government to send out an 
expedition to the islands of the South Pacific Ocean, under 
Captain Cook. This celebrated navigator chose Otaheite 
(Tahiti) for his station, and there the observations were made 
successfully. 

90. The observations made at the two transits have been 
very fully discussed, but we have not space to enter into the 
etaUs of the discussions. Our object at present will be 
merely to give a brief sketch of the principles of the methods 
einployed in deducing the parallax of the sun from the obser- 
vations. 





In the above figure, suppose a o d b to represent the disc 
of the sun at a time near the middle of the transit ; v the 
place of Venus, and t that of the earth. Draw lines through 
N and s, the northern and southern stations on the earth, 
through V, till they meet the sun's disc at e and p. Then 
the planet will appear to the observers a.i "& ^xA ^ ^^^ ^ 
black spot on the sun, at the poVnla ¥ wcv^ ^ x^^^^OCv^^-^ \ 
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and the more widely separated the stations are with regard 
to geographical latitude, the larger will he the interval e and 
F, and the greater the difference of the chords a b, o d, 
descrihed hy the planet in its transit across the disc. As 
the student has not yet heen introduced to a knowledge of 
the motions of the planets, nothing but a bare outline of 
the problem can be rendered intelligible ; but enough can 
be shown to exhibit the principle of the method. The 
earth and Venus both revolve in the same direction round 
the sun in planes inclined to each other at a small angle, 
the velocity of Venus being greater than that of the earth. 
The times of revolution of the planets are also connected 
with their mean distances by a very simple law, so that the 
times being obtained by observation, the proportions of 
their distances can be inferred. At the time of a transit 
of Venus, the planet must either, in descending beneath 
the ecliptic, or in. ascending above it, meet it in a point 
which is in a direct line with the earth and the sun ; that 
is, technically speaking, it must be in its node when in 
conjunction with the sun ; and this is the condition for 
determining whether a transit will take place. Let the 
earth be moving in the direction t t, and the planet in the 
direction v v v', and suppose, for simplicity, that the plane 
passing through the two observing stations, n and s, and the 
earth's centre, is perpendicular to 4}he ecliptic, and that the 
rotation of the earth is neglected ; and suppose, finally, that 
the earth being absolutely at rest, Venus moves in the direc- 
tion V v' with the excess of her velocity over that of the 
earth, which, in fact, represents her relative motion properly. 
Then, to a spectator at n, Venus will appear to enter upon 
the sun's disc at c, and, traversing it in the sensibly straight 
line D, to go off at n. Similarly to the observer at s, the 
planet will appear to describe the more northerly line a b, 
entering at a, and going off at b. The principal observations 
at each station will consist in taking accurately the times 
at which the ingress and egress of the planet take place. On 
entering upon the disc a small, but very perceptible, notch 
will be made instantaneously on the limb, which can be 
observed with very great accuracy. Then when the planet 
is completely on the disc, the time of separation of the limb 
can also be observed, but not with so great accuracy : how- 
ever, the mean of these times, corrected for curvature of 
limb, will represent very well the time of ingress of the 
centre, and similarly the time of egroBa "w\W "be o\)%«rj%^. 
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Hence the time taken by the planet in describing the chords 
A B and D will be known. The velocity, too, of Venus is 
sufficiently well known from the tables of her motion ; hence 
the angular ijieasures of a b, o d, will be known, and conse- 
quently the versed sines of the chords can be calculated. 
Thence, finally, we have the measure of e f, as seen from 
the earth. Now the mean distance of Venus from the sun 
is to that of the earth nearly as 72 to 100 ; and therefore 
the distances of Venus from the sun and earth respectively 
are as 72 to 28 nearly, or as 2^ to 1. Consequently, e f, 
measured on the disc of the sun, is about 2^ times the arc 
which the earth's diameter would subtend there at the dis- 
tance of the earth, or five times the arc which would be 
subtended by the earth's radius ; that is, five times the sun's 
horizontal parallax. Any errors, then, which are made in 
the observations will, as affecting e f, be divided by five, 
and hence the accuracy of the method is apparent. We 
have in effect the sun's parallax represented to us on a 
greatly exaggerated scale, and can take advantage of it to 
measure this important element of our system with an accu- 
racy attainable by no other method. It will not be difficult 
to show what will be the effect, on account of the earth's 
rotation, of choosing situations differing considerably in 
longitude; but it is rather too complicated for elementary 
illustration. 

91. Besides the British expedition fitted out for observing 
the transit of 1769, others were equipped by the French, 
Bussian, and other Governments, and great pains were taken 
in choosing such stations as would produce the best data for 
the solution of the problem. On the whole, the observations 
were considered to be very satisfactory, and the resulting 
horizontal parallax of the sun, as deduced by Encke, was 
8"' 571, a result which more recent investigations have 
proved to be too small. It may be mentioned, however, 
that Mr. Stone* has more recently rediscussed the original 
observations and obtained the result 8"*91, agi*eeing very 
closely with those derived from the parallax of Mars and 
from the observed velocity of light. 

92. The last method which we shall mention for finding 
the solar parallax is by observations of the planet Mars ; and, 
indeed, with the exception of that above described, it is the 
only method which can give results of moderate «a<s.xw.'ws^ * 

• Now Raddiffe Obsexyex a^ O^tlox^* 
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Mars is the nearest planet describing an orbit exterior to 
the earth, and at certain times approaches so near that his 
distance from the earth is only one-third of that of the son, 
or so that his horizontal parallax is about 2T*, Now, this 
is a quantity which can be measured, by comparative observa^ 
tions made at Greenwich and the Cape of Good Hope, with 
considerable accuracy, by means of methods which get rid 
of that pernicious influence exercised by refraction on all 
delicate comparisons of polar distances absolutely measured. 
Suppose, for instance, the polar distance of Mars be com- 
pared, both at Greenwich and the Cape, with that of a 
neighbouring star, by means of the micrometer attached to 
a mural circle or an equatorial. The absolute polar distance 
of the star as observed at both places is the same, so that 
the differences of the measures give immediately the effect 
of parallax ; and these are either altogether independent of 
refraction, or the effect is calculable without sensible error. 
The remaining errors are chiefly those of observation, and, 
these being purely casual, can be got rid of by sufficiently 
increasing their number. The only objection to the method 
is, that the stars lying in the path of Mars are generally so 
small and faint, that they are observed with difficulty by the 
ordinary meridian telescopes ; but the great transit circles have 
now done away with the objection as regards the Observatories 
of Greenwich and the Cape of Good Hope. 

98. There is still one way in which the parallax can be 
deduced by means of extra-meridional observations of Mars 

made at one and the 
same station. Let 
p z s be a portion of 
the meridian, z the 
zenith, p the pole, 
and M the position 
of the planet Mars, 
east of the meridian 
as seen from the 
earth's centre, but depressed as viewed from the station 
whose zenith is z in the vertical circle z m to m'. Then the 
lyaraUax in time by which the planet would come too late 
upon the wires of an equatorial instrument is measured by 
the angle m p i/, and by this quantity would its observed 
light ascension be too great. Similarly, if observed west of 
the meridian, the observed right ascension would be too 
emaU by a emilar quantity. If MarB, \3ieii, "be ^iomi^^^i^ 
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witli a star lying in the same parallel of declination (by 
taking the clock-times of transit of both objects over all the 
wires) several hours before passing the meridian, and again 
several honrs after, these right ascensions, when reduced by 
the known motion of the planet to the same time, will differ 
by a quantity depending on the parallax, and from which it 
can be calculated. Generally the observations cannot be 
made with sufficient accuracy to get results available in the 
present state of astronomy, even if we omit to mention the 
difficulty of obtaining the requisite observations at sufficient 
distances on both sides of the meridian. A series of ob- 
servations of this kind was, however, made at Greenwich 
at the opposition of Mars in 1862 with considerable success. 

94. Before leaving the subject, we will briefly mention a 
parallax in its connection with the fixed stars. We have 
before said (79) that the distance of the nearest of the stars 
is so great that it would be absolutely hopeless to endeavour 
to detect any displacement by observations at different points 
of the earth's surface ; but this might not be the case with 
observations made at opposite points of the earth's orbit, 
which presents a base for measurement of about 184,800,000 
miles. Surely we might imagine that, however vast the 
distances of the stars, unless they were actually infinite, we 
should be able to detect in them some difference of position 
by observing them at intervals of six months, during which 
time the earth has shifted its position by this enormous 
quantity. 

95. And so reasoned Flamsteed, and several succeeding 
astronomers, in the infancy of accurate theory and accurate 
observing. Before the discovery of the aberration of light 
and the nutation of the earth's axis by Bradley, all their 
efforts were directed to the discovery of annual parallax, 
and the stars seemed to be removed to greater distances 
precisely in the proportion in which observations were 
rendered more accurate by improvements in instruments and 
the use of them, and as the causes of the displacem^ts, at 
first presumed to be due to parallax, were accurately known. 
At length Bradley announced, as the result of his own at 
that time incomparable observation?^ that ii a parallax of 
any star existed to the amount of one second, he should 
discover it ; and since that time the ingenuity of astronomers 
has been employed in inventing methods for th& ^^HIyssl^v^t^ 
of quantities much less than this, \>y oVi^^XM^iNAfirck^ ^>5^^ 
instrumentflf especisily devoted to the pucpo^e. ^ e^ "'^'^ ^^^* 

D 
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in the first place, wLat is the nature of the displacement to 
bo measured. 

96. Let A D B E be the orbit described by the earth round 

the sun, s, in the course of a 
year; a b, two opposite 
points of the orbit ; s, a star 
fiot at an infinite distance 
(that is, at a distance that 
may be discoverable by ob- 
servation). Draw jl s, b 5, 
and produce them. Imagine 
also the cone which would be 
swept out by one of these 
lines during the progress of 
the earth in its annual circle; 
then it is evident that the 
star itself will appear to 
describe the small orbit, 

adb e. Now, these points, a d b e, lie sensibly in a plane, 
cutting an oblique cone in a section not parallel to its base, 
and will therefore be an ellipse described about its mean 
place. Suppose, now, we had another star, /, at an im- 
measurably greater distance than s, and situated, for ex- 
ample, in the arc a b produced ; it is plain, by looking at 
the figure, that its angular distance from 8 would appear to 
an observer on the earth's surface to vary, being least at ft, 
greatest at a, and having its mean value at d and e. If, 
Qien, we had an instrument by which we could measure very 
accurately the distances of the stars s and ^ in angular 
measure, the variations, when observed, would give us 
means of determining the size of the apparent orbit de- 
scribed by 8 round its mean place, and from this we could 
determine the parallax of the star, and consequently its 
distance from us. 

97. Now this is precisely what was done a few years since 
by the celebrated astronomer, Bessel, with regard to a remark- 
able star in the constellation Cygnus (61 Cygni), by means 
of an equatorially-mounted telescope, called a heliomeUr, 
A heliometer (so called from the facility with which the sun's 
diameter and other large arcs can be measured with it) 
consists, in fact, of a telescope with its object-glass divided 
into two equal parts by a section through its centre. These 
parts are placed in contiguity in the tube of the telescope, 
sp Off to lio in the same plane, like an ttndrnde^d %W«, and. 
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by means of an apparatus of rods and screws, acted on from 
the eye-end of the telescope, are made to slide past each 
other, and a scale is provided which measures the degree of 
the separation of their centres. By this means, each half 
object-glass produces separate images of the objects observed, 
and the angular space by which they are separated will be 
proportional to the distance of the two centres of the half 
object-glasses. There is also an apparatus provided, by 
means of which the object-glass can be turned round in 
the tube, so that the direction of the two images (which is 
always parallel to the common section of the glasses) can be 
put into required positions. If, then, they be put into the 
direction of the diurnal motion of the star, the times of 
transits of its images, over a wire at right angles to their 
direction, will, when properly reduced, give their angular 
distances in terms of the scale divisions ; and, the value of 
the divisions of the scale being thus known, the instrument 
may be used to measure the angular distances of stars or other 
objects not far apart. Thus, 
let A B be two stars, and suppose , ^ 

the screw, acting upon the seg- * i/ ^ I 

ments of the object-glass, to be 

turned, and the object-glass itself to be turned round in the 
tube, till the separate images occupy the positions a, b ; a, 
b (a being at a very small distance immediately below b) ; 
then it is evident that the object-glasses have been separated 
by a quantity representing tibe angular distance of a and b. 
In like manner, the images a and b can be brought into 
similar positions, </, h', on the other side of a, b. It is evi- 
dent, then, that for these different positions of the images, 
the difference of scale readings corresponds to the double of 
the distance of a, b; and this can be reduced to arc by 
the known value of the scale. 

98. Now the star 61 Cygni is double, consisting of two 
stars of nearly equal magnitude (the 6th), at a distance of a 
few seconds from each other. The star forms what is called 
a binary system; that is, it is proved, by observations 
continued since the year 1781, that the two components 
revolve round each other, being connected by gravity, or 
by some similar tie, like our sun and planets. They also 
move together through space, with a large proper motion 
amounting to several seconds per year. Eiotcl \Jcvfc'e»^ ^ivt^soss^- 
stances, all astronomers have been le^L \.o \ooV \5l^o\iH5ccv.^ t^^^ 
as probably near enough to us to oii«i\Ae u^ \.<a ^^\.^<s^ ^ 



52 PARALLAXES OF THE STABS. 

distance by observation ; but it was not lill Bessel made his 
celebrated observations with the heliometer, at Konigsberg, 
that any satisfactory result could be obtained. He found 
two stars very minute, but perfectly observable, each at a 
distance of several minutes from 61 Cygni, the one lying 
nearly at right angles to, and the other nearly in the direc- 
tion of, the line joining the components, and he made a long 
series of measures of their distances from the middle point 
between the components. These measures, when properly 
treated, exhibit a seiies of fluctuations agreeing with tiiose 
which would arise from annual parallax, and leaving no doubt 
of its existence in the minds of persons familiar with the 
subject. The result is, that the annual parallax, that is, the 
angle which the radius of the earth's orbit subtends at the 
distance of the star, is rather more than three-tenths of a 
second of space, corresponding to the enormous distance of 
600,000 radii of the earth's orbit ; or, to a quantity greater 
than 600,000 times 92,400,000 miles. 

99. This star, then, probably one of the nearest, is placed 
so far out of the range of the solar system, that even using 
our distance from the sun as the unit of measure, imagina- 
tion almost fails us in conceiving the enormous interval that 
separates us from it. We are lost in endeavouring to get a 
fixed idea of the magnitude of the starry heavens, even when 
using as our basis this measurable distance ; and the pride 
which the consciousness of this wonderful discovery raises 
in us with regard to man's intellect, has its proper antidote 
in the sense of the inconceivable magnitude of ihe works of 
the Almighty. 

100. There are two other instances in which it is tolerably 
certain that the amount of parallax has been pretty accurately 
measured. The first is for a double star called a Oentauri, 
of the first magnitude, in the southern hemisphere, in which 
all the elements which denote the proximity of 61 Cygni are 
found existing, in addition to great brightness. The other 
is the well-known star a Lyrae, of the first magnitude, in our 
own hemisphere. The latter was detected by the Russian 
astronomer, Struve, about the same time with Bessel's dis- 
covery, and by a similar mode of measurement, excepting 
that he used a wire micrometer, and compared a Lyra) with 
only one star. The former was detected in the first instance 
by meridian observations made at the Cape of Good Hope 
by Henderson (Astronomer there from 1881 to 1888), and 
\^B since been verified by other obsexvatioiiG mad^ by hia 
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successor, the late Sir Thomas Maclear. The resulting 
parallax of a Lyraa is about two- tenths of a second, but that 
of a Gentauri amounts to very nearly a second of space. Those 
Vfho have attentively studied our remarks on refraction and 
other sources of uncertainty as affecting meridional observa- 
tions, will see that the nature of the evidence proving the 
existence of so large a parallax for a Gentauri is inferior to 
that for the other two stars ; but later determinations have so 
fully confirmed it that we can no longer doubt that it 
amounts to about nine-tenths of a second. 

101. We will briefly recapitulate a few of our leading re- 
marks on parallax. Parallax^ generally, is the displacement 
which a body not infinitely distant suffers by being viewed 
from the surface instead of from the centre of the earth. It 
is measurable in the case of the moon by making observations 
of polar distance at stations, one in a high northern and 
the other in a high southern latitude, such as Greenwich 
and the Gape of Good Hope ; the base of measurement 
being the distance of the stations. The results prove that 
the mean horizontal equatorial parallax (that is, the parallax 
on the horizon, for a place situated on the earth's equator, 
at the moon's mean distance) is about 57' ; or the moon's 
mean distance is about 240,000 miles. 

102. It has been mentioned that 8"* 571 was long the 
accepted value of the solar parallax as deduced from the 
observations of the transits of Venus in 1761 and 1769, and 
that recently several independent investigations have proved 
that this value is too small. From several series of observa- 
tions of Mars made at the opposition of 1862, and a careful 
comparison and discussion of the whole, it results that 
8''*85 is the most probable value. Other investigations 
have more or less confirmed this, which is now used in most 
of the national ephemerides, and is probably within 0"'02 or 
0"'03 of the truth. 

103. For calculation of the parallax p to be applied to the 
zenith distance z of any planet, we have (if r be the propor- 
tion which the earth's radius, at the station of observation, 
bears to the equatorial radius, and p be the equatorial 
horizontal parallax), 

sin. /) = r sin. p sin. x, 
or, with sufficient accuracy, 

jp = r p sin. z, 
which, in the case of the sun, becomes 

p = 8"-85 X r sm. »» 
of which a table can easily bo formed. 
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104. Lastly, the distances of the stars can only become 
known by observations made of them at opposite points of 
the earth's orbit ; and the method which promises and has 
thus far been attended with most success, is that of measur- 
ing their angular distances from other stars probably at a 
much greater distance. The three stars, 61 Oygni, a LyrsB, 
and a Centauri, may be presumed with some d^ree of con- 
fidence to have measurable parallaxes amounting respectively 
to about 0"-8, 0"-2, and l*'. 

105. Thus far the displacements of objects which we have 
been considering have respect only to the local position of 
the observer on the earth's surface, and to the bending of 
the rays by which they are rendered visible on coming into 
the earth's atmosphere. By the correction applied for re- 
fraction and paraUaXf all the heavenly bodies are referred to 
the positions in which they would be seen by an observer at 
the centre of the earth, by means of rays coming to the eye 
without any deflection. But it is to be remembered that the 
positions of all celestial objects have been defined by refer- 
ence to two points — the one, viz., the intersection of the 
ecliptic and equator, forming ibe zero point of right ascen- 
sion ; and the other, viz., the vanishing point of &e earth's 
axis produced, forming the zero of polar distance. If, then, 
these points were fixed, astronomers would have no farther 
trouble in settling the positions of all the heavenly bodies 
but such as arise from a purely optical cause which we 
shall afterwards explain. But the fact is not so. It has 
been known as a fact of observation for about 2,000 years 
that the equinox, as it is called, or 'the point of intersection 
of the ecliptic and the equator, moves backwards, that is, 
from east to west, along the ecliptic with a motion amount- 
ing to about 50" per year, and that the pole of the equator 
is thus carried round the pole of the ecliptic in the same 
direction ; so that it would describe a complete circle about 
that pole in about 26,000 years. Before, then, we can fix 
the places of the planets for definite times, or form catalogues 
of stars for definite epochs, it is necessary that we should 
be able to trace the cause, and to calculate the amount of 
the corrections due to this phenomenon. Now this we 
cannot do without referring to the principles of physical 
astronomy, and treating, though briefly, of the way in which 
the revolving protuberant matter at the earth's equator is 
affected by the sun and moon's action. But it will, per- 
haps, conduce to clearness of conception of this difficult 
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finbjeci if we first consider the phenomena of precession 
and natation in relation to their effects derivable from 
observation. 

106. We have said that the right ascensions of all stars 
are measured from the vernal equinox ; the position of this 
point being determined by observing, with the mural or 
transit circle, the polar distances of the sun a little before 
and a little after he crosses the equator, both at the vernal 
and the autumnal equinox. The polar distances of the stars 
are also observed by means of the circle. Now, by knowing 
the inclination of the equator to the ecliptic or the plane of 
the sun's motion (which is, in fact, the sun's distance above 
or below the equator at the summer and winter solstices, 
when he attains his highest and lowest points respectively 
in the heavens), the positions of the stars can be calculated 
with reference to the ecliptic and the same equinoctial point ; 
that is, their latitudes and longitudes can be calculated. By 
this process it is found that for all stars whatever, observed 
at distant intervals of time, the latitudes are sensibly con- 
stant, but that the longitudes of all have a yearly increase of 
at least 50". Of course we may here apply the same reason- 
ing which we have before used with regard to the apparent 
diurnal motion of all the stars from east to west, and con- 
clude that this common motion to all in the same direction 
is not real, but apparent, arising from a uniform retrogression 
along the ecliptic of the point of reference, that is, of the 
equinoctial point. This retrogression is called the precession of 
the equinoxes, because its mo- 
tion being in the direction of 
the diurnal motion, it brings the 
intersection of the ecliptic and 
equator on any meridian sooner 
each succeeding year than it 
would have otherwise come, and 
makes the interval between a 
season of one year and the cor- 
responding season of the next 
shorter than it would otherwise 
be. But the student must re- 
member that the point in ques- 
tion goes backwards^ and not 

forwards, upon the ecliptic. In the accompanying figiire^ Ui 
A E V and a je v q represent the pWie oi VSi^e^ ^O^^uva ^>=^^ 
equator, and f and p their respective iiOit\3cL \^^^ Vj^ ^ ^^^ 
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o p being at right angles to them), y the vernal and a the 
autumn^ equinox ; then the points v and a regress along the 
ecliptic in the direction of the arrow points, and, of conrse, 
carry the point p in a small circle round e in the direction 
also indicated by the arrow point. The pole of the equator, 
in its progress round that of the ecliptic, will move away 
from certain stars which it has passed in its course, and 
approach others. Thus, at present it is still approaching 
the remarkable star a XJrsaa Minoris (Polaris), but after a 
time it will recede from it, and after the lapse . of a great 
many ages, it will approach very near to the great star in 
the constellation Lyra, which will then be the polar star to 
astronomers in the northern hemisphere. 

107. But though we have described the effect of the pre- 
cessional motion by means of the small circle, which, in its 
mean effect, it causes the pole of the equator to describe 
round the ecliptic, yet this is true only approximately. If 
we were to lay down the curve actually described, it would 
be an irregular line approaching to a circle, and with its 
irregularities recurring again and again, at intervals of about 
nineteen years. In fact, the true state of the case may be 
accurately enough represented by imagining a point p to be 
carried uniformly round, while another point (the real pole) 
is describing round this a minute ellipse, whose longer axis, 
about 18V^ is directed towards k, and the shorter axis, about 
14", is at right angles to it. These variations of the mean 
precessional effect are called nutation; and, of course, afifect 
the places of all bodies referred to the pole and to the 
equinox, and must rigorously be taken into account in all 
calculations for reducing them to any fixed epoch. 

108. We will now endeavour to give some idea of the 
physical cause of this most interesting phenomenon, whose 
observed effect was first detected by Bradley, and given 
nearly in the shape in which we have put it above. 

109. Our readers have, doubtless, some notions of the 
theory of gravitation. If they have not, it is better to omit 
for the present any attempt at understanding what follows. 
The law of universal gravitation is simply this, that every 
particle of matter in the universe gravitates towards every 
other particle, or attracts and is attracted by every other 
particle, with a force varying inversely as the square of the 
distance. This law, simple as it is, will account for all the 
wonderful phenomena which are the objects of our specula- 
tion and research in astronomy. By it vfo c^isi ac<^o\mt for 
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the spheroidal figure of the earth and planets^ and explain 
the laws of their motions in their orbits ; and by it we can 
calculate with wonderful accuracy the place which any planet 
will occupy in the heavens at any assigned period. By the 
application of this law we can trace out in the heavens the 
path of so filmy and vaporous a body as a comet, through 
whose densest parts the smallest stars are visible ; and 
astronomers have, in many instances, predicted their re- 
turn, after the description of orbits of almost inconceivable 
magnitude. The tides of the ocean also rise and fall in 
accordance with the law, and, independently of the local 
circumstances which affect them at individual places, afford 
one of its most beautiful exemplifications. Lastly, the phe- 
nomena of precession and nutation now before us admit of a 
full and perfect explanation, though we can promise to give, 
in a popular form, only a very vague notion of them. 

110. The earth, as you are aware, is a spheroid of revolu- 
tion rotating round its smaller axis, whose ellipticity, that 
is, the ratio of the difference of the axes to the major axis, 
is about -j-Jo"' ^^^ ^^® ^^^s of revolution is inclined at an 
angle of about 28® 28' to the axis of the ecliptic ; and, con- 
sequently, there is a small ring of protuberant matter, or 
meniscus, above the sphere whose diameter is the minor 
axis, inclined at the above angle to the ecliptic, and divided 
into two equal parts by it. Imagine this ring of matter to 
revolve independently of the earth, and in the same time, 
and to fix the ideas, imagine the state of things at the sum- 
mer or winter solstice, when the angular distance of the sun 
from the earth's equator is greatest. In this case, the effect of 
the sun's disturbing action (that is, the difference between the 
pulling force on the centre of the earth and on any particle ot 
the meniscus) will be such as to bring it towards the ecliptic, 
and, if the motion of revolution were to cease, it would ulti- 
mately pull it into coincidence with that plane; but, on 
account of its rotation, the effect will be so far modified that 
the inclination in a whole revolution will remain unaltered, 
but the points n n' (Fig. p. 58), where the plane e q cuts 
the ecliptic, will regress. In fact, each point being pulled 
towards the ecliptic, will reach it sooner than it would other- 
wise have done, or the motion of the line n n' will be in the 
contrary direction to that of the motion of rotation. Now, in 
the case of nature, this meniscus is solidly ^Q.\svfe\ H»<^ *v^^ 
earth, and therefore whatever moliou \^ ^n^vi \.<i ^CciSi tvsv^ 
must be communicated to the -wVioVe \>o^7 % ««^^ 'Cd:^^.'* ^"^ 

D 3 
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account of the large mass of the earth which the ring has to 
drag with it, the motion will be exceedingly diminished. 
The effect, however, will be of the same kind ; that is, the 
points of intersection of the ecliptic and equator will upon 
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the whole retrograde. If we consider what will be the state 
of things at the equinoxes, we shall readily see that the 
sun being then in the plane of the earth's equator, and 
consequently there being no force to pull the protuberant 
matter out of its natural position, the retrogression will be 
nothing; and in the same manner, and for all time inter- 
mediate to the equinoxes and solstices, the effect will be also 
intermediate.* 

111. Thus far we have considered only the effect of the 
disturbing action of the sun, which, on account of its immense 
distance, produces but a small part of the observed retrogra- 
dation. The moon, though her mass is not -a o.ooV.ooo P^ 
of the sun, produces, by being so near to us, a much more 
serious effect. It is very evident that her action will be of 
the same character as that of the sun, though the changes 
will be very much greater, on account of her wider excur- 
sions above and below the equator, and also because the 
plane of her own orbit is not fixed upon the ecliptic, but 
itself retrogrades, so as to go round the whole circle in a 
backward toection in the space of about 18| years. Now, 
during half of this period, the position of the nodes of the 
lunar orbit is such that its plane is but little inclined to the 
earth's equator, and therefore the precessional effect will be 
small; but during the remaining half the inclination is con- 
siderably greater, and the lunar precession becomes thus 
proportionally larger. These inequalities of precession, caused 
separately by the sun and moon, are called solar and lunar 
nutation, on account of the irregular motions which they 
produce in the poles of the heavens, and, consequently, in 

• 8eo Aire's Popular Astronomy^ V^go Wh. 
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the polar distances of stars. The first evidently has for its 
period a solar year, or time of revolution of the earth round 
the sun; the second depends upon the place of the moon 
in her orbit, and also upon the time of revolution of her nodes, 
and therefore requires for its expression two terms, the ope 
depending upon the moon's longitude, and the other upon 
the longitude of the node. 

112. In all that has been said thus far, it has been 
assumed that the plane of the ecliptic is absolutely fixed in 
space, but even this is not the case, since the relative orbit 
of the sun and earth suffers also disturbances by the action 
of the larger planets, which require also to be taken into 
account. At present we are not in a condition to enter more 
largely upon this subject, and the general explanation of pre- 
cession is not afiected by it. 

118. By application of corrections derived from the theory 
of precession and nutation, we are enabled now to represent 
the places of the stars for any epoch, as correctly as if the 
points of reference were absolutely fixed ; yet we have still 
one correction to make, depending upon a phenomenon of 
a totally different character : we mean the phenomenon of the 
aberration of light. Romcr discovered, by means of the 
eclipses of Jupiter's satellites, when observed at difierent 
distances of Jupiter from the earth, that light was propagated 
with an immense, though measurable velocity, so as to de- 
scribe the radius of the earth's orbit in about 8^ minutes; 
but it was reserved for Bradley to show by observation, that 
this progressive motion of light, combined with the motion of 
the earth in her orbit, would produce an apparent displace- 
ment of every object in the heavens ; throwing it apparently 
a little behind the place which it ought, according to theory, 
to occupy. The casual experiment by which Dr. Bradley was 
first led to the idea of the theory of aberration is instructive, 
not only in showing the process by which a great mind 
arrived at the explanation of this most important phenome- 
non, but as giving a really simple and intelligible elucidation 
of it. He was in a wherry on the Thames, which had a vane 
for observing the direction of the wind at the top of the mast. 
The boat being stationary, he observed by this vane the 
direction of the wind, but it appeared to him that when the 
boat was again in motion the direction immediately changed. 
The boatmen were themselves familiar with the phelvoxQ.^^'5^s^.^ 
but were unable to explain it ; and, "by xeSL'^cKK.oTi^'^'^'^S^^'^ 
was soon enabled to see that the chonga oi ^\iek^*C\Q»\x ^sa^a 
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be not real, bnt apparent, and depending upon the nnthonglit* 
of motion of the observer. Several other illastrations may 
be given, c2 which the most usual is that of the direction of 
rain-drops falling upon a person as he walks. K the drops 
fall vertically, and he be walking with any considerable velo- 
oity, they wUl strike him on the face, as if they came towards 
him in an oblique direction. An ingenious illustration is 
given by Airy, in his " Popular Astronomy." Imagine the 
side of a ship in motion to be pierced by a shot from a 
battery which she is passing, which goes out at the other 
side. It is evident that the point of the off-side of the ship 
at which the shot goes out will be farther astern than the 
hole made on entering the other side; and the sailors, if 
they did not attend to the motion of the ship, would imagine 
that it had passed through in an oblique direction. We will 
take one more illustration, which will enable us to see still 
more clearly the law according to which the effect of aberra- 
Hon must be calculated. 

114. Let A B be a tube, making a fixed 
angle with the horizon, but carried forward 
horizontally in the direction a d, with a 
velocity represented by a d. Let now a 
body fall from o, with a velocity represented 
by c D, at the same time that the tube starts 
from a; then it is evident (by similar tri- 
angles) that when the top b of the tube has 
arrived at e, the body will also have fallen to 
E, or will enter at the top of it, and, the 
ratio of the velocities stfil remaining the 
same, will proceed within it, through its 
whole length, without striking the sides. If, 
also, an observer at a were looking up the 
tube, the body would appear to fall in the 
direction o'b a, instead of the vertical direction. In this 
instance, then, the effect of aberration is the angle o, which 
may be calculated by the formula, 

m _ Dj\. _ velbcity of observer 

on velocity of falling body 

Let u^ now apply this analogy to the case of an observer on 
the earth's surface, looking at a star, the velocity of light 
being supposed known, and being in round numbers to that 
of the earth in its orbit nearly as 10,000 to 1, or as unity to 
/Jto tangent of an arc of 20"* 5. Let a be the t^I^q of any 
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star, and b that of the earth at any time, describing its orbit 
round the sun, s, in the direction e a i/ b ; e ^, a small arc 
of the orbit described in the unit of time. Then, if a space 
be set off on E 9 equal to that traversed by light in the same 




time, and the parallelogram be completed, of which these 
spaces are the sides, its diagonal will be in the direction e (r^ 
of the apparent position of the star. The effect of this 
displacement will be to make each star in the heavens appa- 
rently describe a small ellipse round the true place unaffected 
by aberration, and the axes of this ellipse will depend upon 
the position of the star with regard to the ecliptic ; that is, 
on its latitude. If, for example, the star were in the ecliptic, 
the whole displacement would be in this plane, the effect on 
the latitude of the star being nothing ; but, if the star were 
situated at the pole of the ecliptic, the curve described 
round its mean place would be a circle with an angular radius 
equal to 20"- 5 ; and generally, the axes of the elHpse will be 
in the proportion of unity to the sine of the latitude. 

115. Without going into details, for which, in fact, we 
have not space, the intelligent reader will readily understand, 
from the principles already laid down, that the apparent dis- 
placement which every star experiences with respect to the 
ecliptic can be calculated, and the position of that plane with 
regard to the equator being known, the small corrections in 
right ascension and polar distance can also be computed. 
Conversely, by judicious observations, continued throughout 
every period of the year, of stars situated near the pole of 
the ecliptic, where the effect of aberration is the greatest 
possible, it is plain that the axes of the aherratiaix. <!llv^%^ 
will be found, and the constaul qaiwtiXhi-^ Vest \i»ss^^'i^R.'^ 
multiplier necessary for the comp\i\.«A.\OTi oi \V^ ^^^^H» ^Q^^^ 



62 ABERRATION OF THE PLANETS. 

every star) of its expression will be fonnd. It was b]^ 
observations of the star y Draconis, which for Greenwich 
passes the meridian very near the zenith, that Bradley 
detected this important phenomenon. The right ascension 
of this star is nearly 18 hours, and its north polar distance 
nearly equal to the colatitude of Greenwich. It lies, there- 
fore, very nearly in the plane of the great circle joining the 
poles of the ecliptic and equator (called, technically, the 
solstitial colure), and about 15^ from the pole of the ecliptic. 
If, then, the reader has carefully attended to the preceding 
explanation, he will see that when the earth is in the 
autumnal equinox, and therefore moving parallel to the 
colure, the effect of aberration will be apparently to raise the 
star above the ecliptic, and therefore to bring it nearer to the 
north pole of the equator by the quantity 20" '5 x sin, 76® 
(= 20"- 5 X sin. star's lat.) ; but that when the earth is at 
the vernal equinox, the effect will be to increase the distance 
from the pole by about that quantity. If, then, the observa- 
tions of polar distance made at these periods be corrected 
for refraction, precession, and nutation, their difference will 
amount to about 41" x sin. 75**, or to nearly 40^'. 

116. M. Struve, the Eussian astronomer, by observations 
made a few years ago, has definitively fixed the constant of 
aberration at 20"-445, which, he believes, does not diff'er 
0"'011 from its true value ; and hence the velocity of light is 
known with very great accuracy, and the time taken to 
traverse the mean radius of the earth's orbit will be 
Qm 17S.78 of mean time. The author of this little book has, 
by the discussion of a series of observations of y Draconis 
made with the reflex zenith tube at Greenwich, found the 
value 20"'84 for the constant. 

117. The effect of aberration on the places of the planets 
differs from that on the places of the stars in consequence of 
their motion in their own orbits. On this account it 
happens that they are seen by rays coming from a point 
different from that which they occupy when the observation 
is made. It is evident, in such cases, that the effect of 
aberration referred to any planes whatever will depend on 
the relative motion of the earth and the planet, that is, on 
the geocentric motion of the planet, and on its distance 
from the earth. Let, for instance, d be the distance of the 
planet from the earth ; then the time in which light 

traverses this space is 8™ 18' x — , where r is the radius of 

R 



DIURNAL ABERRATION. 63 

the earth's orbit, supposed circular. This time is technically 
called the aherration-time, and the geocentric motion of the 
planet being known, the space through which it will move in 
the above time, whether in right ascension or declination, is 
the correction for aberration. The most convenient way of 
computing the apparent places of the planets, that is, their 
places affected by aberration, is to subtract the aberration' 
time from the time for which their places are required, and 
to consider the remainder as the time for which IJie compu- 
tations are to be made. 

118. There is still one effect of aberration to be considered, 
viz., that arising from the earth's diurnal rotation on its axis 
from west to east. This effect is so small as not to be appre- 
ciable by observation, but it produces an error in the places 
of all objects observed with the transit instrument (throwing 
them too far east, or causing them to come to the meridian 
too late) of the same kind as the error of collimation, which 
is necessary to be taken into account. Its amount is easily 
calculated. 

119. Let Grreenwich be the station of observation, in north 
latitude 51^ 29' ; then the space through which the earth's 
equator will be carried in the time t seconds will be 

t X 2 r X 814159 2 

-24x60x60 = '' ^ 27^^^^^^' 
where r = the earth's equatorial radius ; and the space 
through which the parallel at Greenwich is carried in t' is 

« , COS. 51^ 29' 

2 r « X ; 

27600 

but the space through which light moves in t* 

t 

= "_ X B (where r = radius of earth's orbit). 

Hence, 

velocity of rotation at Greenwich 
velocity of light 
2r 497 , , 

^•= T ^ 27600 X ^°«- ^1' 29 

8000 497 ^,o„^, , 

X X COS. 61° 29 nearly, 



92000000 ^ 27500 
1 



1021790 



nearly. 
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120. This represents the tangent of the angle of aberra- 
tion in this instance, and the corresponding arc is 0''*202. 
Every star, therefore, comes to the meridian too late by 
the time of its motion oyer this arc, and requires a correc- 

0-202 

tion in time = — - — : • The error itself is, how- 

16 sm. N. P. D. 

ever, in practice incorporated with the error of collimation. 

121. We are now enabled by the application of the correc- 
tions due to refraction, parallax, precession, nutation, and 
aberration, to represent the places of the stars as they would 
be observed by a spectator placed at the earth's centre, 
supposed fixed in space, with no atmosphere causing dis- 
placement, and referred to fixed points and a fixed plane of 
reference. It is evident, however, that the corrections re- 
quired for precession, nutation, and aberration will be com- 
puted from formulae necessarily of some complexity. We 
are indebted to the illustrious Bessel, in the first place, for 
reducing the formulsB to a shape admitting of easy computa- 
tion, in every case, by separating the terms of their expres- 
sions into double sets of factors, the one set containing only 
such quantities as depend on the time, such as the date of 
the observations, the position of the node of the lunar orbit, 
and the places of the sun and moon, on which the nutation 
and aberration depend; the other set involving only such 
quantities as depend on, or are functions of, the star's right 
ascension and declination. 

122. The logarithms of the first set of quantities are given 
in the Nautical Almanac for every day of the year, under the 
designations A, B, G, D, and the large catalogue of stars pub- 
lished under the authority of the British Association gives 
for every star included in it the values of the logarithms of 
the second set of quantities for both B. A. and N. P. D., for 
the epoch 1850, under the designations a, 6, c, d and c^, b% c^, rf . 
The whole correction to be applied to the mean place of a 
star to obtain its apparent place for any day required is — 

For Bight Ascension . Aa+Bb+Cc + Dd 
For N. P. D. • . . A a' + B 6' + C << -f D dT. 
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CHAPTER IV. 



OP THE MOTION OP THE SUN IN THB EOLIPTIO, ETC. 

123. In the preceding chapter it has been our object to 
bring together, so as to exhibit in one point of view, all the 
corrections which are necessary to be made before the true 
place of a celestial object can be found from observations 
made at the surface of the earth. In doing this, however, 
we have been obliged to anticipate in a slight degree, or to 
assume the reader's acquaintance with, a few of the leading 
facts of the solar motion, as well as some familiarity with 
the plane in which that motion is apparently performed. 
We have in the same manner assumed, in some degi'ee, 
his familiarity with the motion of the moon round the 
earth. But, in fact, all we have required to be admitted is, 
that the sun apparently moves round the earth, or the earth 
really moves round the sun, in a nearly circular orbit, 
described in a plane, sensibly fixed, called the ecliptic. We 
have also assumed in like manner for the moon, that she 
revolves round the earth in a nearly circular orbit ; but that 
the plane of her orbit, which has a small inclination of about 
5** to the ecliptic, has a retrograde motion on the ecliptic by 
which it is carried completely round the circle in the space of 
nearly nineteen years. 

124. It will be our object in this chapter and the following 
to treat of the motions of these luminaries a Httle more 
specifically, and at the same time to introduce such remarks 
on the theory of gravitation as vnll enable the reader to 
obtain an idea, however vague and imperfect, of the laws 
according to which the orbits are described, and of the 
perturbations to which they are subject. In the igtQ^Q;^^^ 
chapter we confine ourselves to the ittNe«\»\%«AhftTL oiSJaa ^as^vfit 
orbit; to the consideration of the v«nou*& tcl^^wjx^'^ o1>©ss^^ 
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used by astronomers ; and, finally, to an account of the 
knowledge which has been acquired concerning the physical 
constitution of the sun. 

125. The portion of the heavens in which the sun's 
apparent orbit is performed was called by the ancients the 
zodiac; and the great circle formed by the intersection of 
the plane of his orbit with the sphere of the heavens was 
divided by them into twelve equal portions or signs, to which 
were given, from the constellations through which the sun 
passes, the following names : — 



Aries 


Leo 


Sagittarius 


Taurus 


Virgo 


Capricomus 


Gemini 


Libra 


Aquarius 


Cancer 


Scorpio 


Pisces. 



126. About 4,000 years ago, the position of the vernal 
equinox, that is, of one of the points of intersection of the 
ecliptic or sun's path with the equator, coincided VTith the 
constellation Aries ; but on account of the precession of the 
equinoxes, this point is now in the constellation Pisces. It 
is, however, customary with astronomers still to call the 
point of the spring equinox the first point of Aries. No 
confusion arises from the term, but great inconvenience is 
frequently experienced by an attempted change of nomen- 
clature. 

127. We have already, without alluding to any theory of 
the solar motion, shown how the mean distance of the sun, 
or the solar parallax, has been found by observations of the 
last transit of Venus across the disk, and by observations of 
Mars when nearest to the earth, but we have not made any 
reference to the variations of his distance from the earth in 
the annual circuit. Now, if our readers would take the 
trouble to consult the Greenwich observations for any one 
year, and look at all the measures of the sun's diameter which 
have been made with the mural circle, they would not fail to 
perceive that in the course of the year the variations of the 
measures are far greater than can be attributable to errors of 
the observations, though, from the fluttering, badly-defined 
nature of the borders of the disk, these frequently amount to 
several seconds of arc. If, however, any one would give 
himself the trouble to take the mean or average of the 
measures of the diameters on several neighbouring days, and 
thus divide the whole series into groups, he would observe a 
vary conspicuous law in their variation. Fox eTiam^le, lio 
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would find tho measures smallest about Midsummer, and 
largest at the end of December, and between these times he 
would find a steady, uniform increase ; while from January 
to the end of June the decrease would be equally uniform. 
Now the object observed being the same, this proves that the 
distance of the sun is least in winter, and greatest in summer, 
and that the variations of increase and decrease are tolerably 
uniform. 

128. A tolerable notion would thus be formed of the 
general shape of the orbit. It would be found to be not 
quite circular, but the extreme variations of distance would 
show that it does not differ much from a circle. In the year 
1868, for example, the largest diameter given in the '* Nau- 
tical Almanac " is that for the end of December, viz., 
82' 86'^' 4, and the smallest is that for the end of June, viz., 
8r 82'''0. The difference of these compared with the mean 
diameter is about -^ part of the whole ; and this, therefore, 
is the proportion in which the greatest distance of the sun 
from the earth exceeds the least. We might thus suppose, 
without further reasoning, that the earth moves round the 
sun, or the sun apparently round the earth, in an orbit 
slightly oval or elliptical; and a trial of this theory with 
observations of the diameters would show whether an exact 
ellipse is described. 

129. It was, in fact, proved by Kepler, about three cen- 
turies ago, that not only the earth, but all the large planets 
describe ellipses about the sun, that body being in one of the 
foci of each of the ellipses. This law of the planetary 
motions is known by the name of Kepler's first law. The 
excentricities of these ellipses are different, and appear to be 
totally independent of each other ; the planes of their orbits 
are also different, but are all included within a small angular 
distance from the ecliptic (about 10^), called the zodiacal 
limits ; and, finally, the directions of their major axes are 
different. Still, all the orbits are ellipses described in the 
same direction from west to east, in planes round the sun as 
a common centre. 

180. Again, if we were to proceed really to construct the 
curve of the solar orbit by assuming, as in the figure, the 
point s as the focus round which the sun appears to move, 
and, after calculating the sun's longitudes, from the observed 
right ascensions and declinations at times corresponding to 
those at which the diameters or distaae^^ ^xOf^ortN^orwiii. \» 
them were observed, laying off angles o ^'D^'a ^-s^^-e.^^^ 
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&c., equal to these differences, and lines c s, d s, s s, &e., 
inversely proportional to the observed diameters, we shonld 
not only find that the curve was sensibly elliptical, bat that 

another law of the solar 
motion would become 
evident. We should find, 
in fact, that the velocity 
of the sun when near 
his shortest distance 
(perigee) s a is con- 
siderably greater than 
when near the greatest 
distance (apogee) s b, 
and that, being greatest 
at A, the velocity continually decreases till he arrives 
at B, when it is least; it then increases again during the 
remainder of the year till it is greatest at a. By com- 
paring, for instance, the sun's increase of longitude in equal 
small times when near a and when near b (which gives the 
measure of angular velocity), we should find that the 
velocity at a would exceed that at b by about -^f part, while 
the distance s b exceeds s a by about 3^ part. For instance, 
taking numbers from the ** Nautical Almanac" for 1868, we 
find that the daily increase of the sun's longitude at the end 
of December is about 1^1' 8", but that in June it is about 
6r 12". The difference of these is 8' 66", which, com- 
pared with the mean daily increase 59' 10", gives the fraction 
T^Tf* ^^ iV* corresponding to the ratio which has been 
previously assumed. The same is true in every other part 
of the orbit, that is, the increase of velocity is twice as great 
as the decrease of distance. Now, we might readily prove 
from this that the sun's angular velocity must be in general 
inversely proportional to the square of the distance. For, 
let r be any distance from the eturth, and v the corresponding 

angular velocity, then if v varies -^ , r^ X v must be a con- 
stant quantity. Let now r + a: and v + y be the radius 
vector and velocity at another time of the year. Then the 
value of (r + xy X (v + 2/) must be equal to 7^ v, because 
this quantity does not vary by the corresponding variations 
of r and v. 

Hence, r't; + 2ri;a; + 7-2y=r*r, 

neglecting the small quantities o;^ )/, ^ r x y, a^ t>. 
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y 2 a? 

Hence, 2ra? = — ry\ or, - = • 

V r 

That is, the increase of v compared with v is twice as great 
as the decrease of r compared with r. Conversely we may 
assmne, that if the latter proposition be true, the quantity 
r* V must be constant ; or the velocity varies in the inverse 
proportion to the square of the distance or radius vector. 
Now this law, which belongs to all the planetary motions as 
well as to the sun, was also discovered by Kepler, and under 
the name of the equable description of areas is known as 
Kepler's second law. It may be distinctly announced as 
follows : — The areas swept out by the radii vectores of the 
planets (that is, by the lines drawn from them to the sun) 
are proportional to the times of their description ; or, equal 
areas are described in equal times. 

131. It will be well, in this place, to enunciate Kepler's 
third law of the planetary motions, though we are rather 
anticipating. He found, by a most laborious comparison of 
the planets' distances from the sun with their times of 
revolution, that a very simple and general law of connection 
subsisted between them. The law simply enunciated is this, 
<< that the squares of their periodic times of revolution are 
to each other as the cubes of their mean distances from the 
sun or the semi-axes major of their orbits." This is the 
law which we have before adverted to in the discussion of 
the solar parallax. We see by it that if the distance from 
the sun of any one planet be known, the distance of all 
the others can be found by simple proportion. Suppose, for 
example, that the mean distance of Mars be a, and its 
observed time of revolution U Let the time of revolution 
of the earth round the sun be T, and the mean distance 

required a?. Then, by Kepler's third law, — 5. = -^. 

a X 

Hence, ir= (-) X a. 

And the same rule will apply to any of the other planets. 

132. Now the whole of the above laws are simple 
mechanical consequences from the universal law of gravi- 
tation, to which we will now devote a few words. Th^ ^^m^^ 
considered as a spherical body, exeila T^x^cva^^ ^^ ^''^^^^^ 
mhuence upon a planet, considered as a B^'k^Tv<i^\><^^ > ^^>o^ 
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the whole mass of the snn and of the planet were concen- 
trated at the centre of each. If this be assumed (the proof 
is by no means elementary or easy, though it has been 
proved by mathematicians), the application of the theory is 
simple. A point or centre of force of a certain energy 
attracts towards it another point moving at a given time 
with a definite velocity, in a direction not exactly towards 
nor exactly from the centre, with a force inversely propor- 
tional to the square of the distance ; what curve will the 
body describe in consequence ? This is the problem to be 
resolved, and Newton first demonstrated, and other mathe- 
matieians have since proved the same in various ways, that 
in all cases whatever the attracted body will describe a conic 
section, that is, a curve lying in one plane which is either 
a circle, an ellipse, a parabola, or an hyperbola. The par- 
ticular curve described by the planet will depend upon the 
circumstances of the motion, that is, upon the direction of 
its motion with regard to the line joining it and the sun, 
and upon its velocity, at any known part of its orbit. For 
instance, if when the earth is moving with its greatest 
velocity, that is, when it is at the least distance from the 
sun and its direction of motion is at right angles to the 
radius vector, the velocity should be suddenly lessened in a 
small degree, it might describe a circle instead of its present 
elliptical orbit. If, again, the velocity were to be increased 
to a certain amount, it might never return towards the sun, 
but describe a parabola ; and, finally, if the velocity were 
still farther increased, it would describe an hyperbola. 
These results are arrived at by an extension of the same 
kind of reasoning as is used in determining the laws regu- 
lating the fall or the motion of bodies near the surface 
of the ^arth, for which we would refer to the ^^ Budimentary 
Treatise on Mechanics." A stone, for instance, thrown in 
any direction but the vertical will return to the earth after 
describing a parabolic curve. Now in this case it is mani- 
festly impossible to give to the stone a sufficient velocity to 
enable it to clear the earth's surface, and, even if it were 
practicable to give it a sufficient initial velocity, the resist- 
ance of the air (varying as the square of the velocity) would 
so instantaneously and enormously diminish it as to render 
it useless. Also, the whole range of the stone is so small, 
compared with the earth's surface, that throughout it gravity 
may be supposed to act in parallel lines and with a constant 
k nmoant of force. Hence the problem \)ecomQ^B ^€t^ xKvxLc^lk 
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modified. But, if we imagine the stone thrown from a very 
great height above the earth's surface, in an obliqne direction 
to the line joining it and the earth's centre, it is still the same 
problem which we have to solve, only the data have become 
more complicated. The force, in this instance, does not act 
in parallel lines, but towards a centre, and it is not a constant 
but a varying force, depending upon the distance from the 
centre of the earth. But to fix the reader's ideas, we will 
take the simplest case of possible planetary motion, viz., 
that wherein the body, by the influence of a central force, 
is m^de to describe a circle round the centre, and we will 
find what the law of the force is in this instance. 

188. Suppose a body a to 
revolve in a circle round a 
centre of force o. At every 
point it is moving in the di- 
rection of the tangent at that 
point, and, if the force were 
suddenly to cease, it would 
go on, with a constant velo- 
city, in that direction. Sup- 
pose, then, that if left to it- 
self it would describe the 
space A B in a given small 
space of time ; and suppose, 
also, that the force in the 
direction a b would draw it through the space a d in the 
same time. Then, if the parallelogram ab vd be completed, 
V will be the actual place of the body, which is, by hypothesis, 




in the circumference of the circle. Hence a d or b v = 



AV' 

2ao' 



If, now, A V and b v be indefinitely diminished, a v will 
become equal to the arc a v ; and, if the given time be taken 
as the unit of time, will represent the velocity of the body 
in the curve. Also, b v, being the space through which the 
body is drawn in the unit of time, will represent the half of 
the accelerating force (f). Hence, if v be the velocity and 

V* 

B the radius of the circle, we have f = — , or, the velocities 

B 

of bodies describing circles, if the force be constant, will bo 
as the square roots of the radii of the circles. For instance, 
if a stone attached to a string be whirled xoxxel^ ^<i ^'e* i>vsx \» 
be retained in a circle, as the string is \eii^iStieiift^\Js^^ n^'^^^^ 
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in the carve will be increased in the dnplicate proportion. 
But, if we wish to know how the angolar velooities vary, 
putting a to represent it, we have v = EXa; orp = o*B. 

184. Hence, the tension of the string remaining the same, 
the radius varies inversely as the square of the angular velo- 
city. But if the angular velocities be constant, or the circles 
be described in the same time, then the tension of the string 
will be increased in the simple proportion of the radios. 

185. Similarly, if we wished to find according to what 
law of force a body might describe an ellipse round a centre 
of force situated in one of the foci, we should use similar 
reasoning. 

186. Thus let s be the 
-^^ centre of force; p the 

position of the body at 
any time, moving in the 
direction of the tangent, 
p B with a certain velo- 
city denoted by p r ; p h 
or B Q the space through 
which the body would 
be drawn by the action 
of the force in the in- 
finitesimally small time t ; p b q n being a parallelogram. 
Then, if f be the force which deflects the body through the 
space B Q, we have, by the second law of motion, Q b = •}- f t*. 
But, if A be the constant area described in the unit of time, 
the area q s p will be a x t. This area is, however, ulti- 
mately equal toisp x qt, qt being perpendicular to s p. 

Hence t = ^JL x s p. 

2 A 

Hence f, which is ultimately equal to the limiting value 

^f2QB 




tf 



= 2qeX ^^ 



Q T^ X S P" 



= — ^X limiting value of -^-^« 
s F* Q ar 

187. To understand what is meant by the limiting value 
of ^^, imagine the point q to approach towards p, and at 
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length to reach it ; then, though each of the quantities q r 
and Q i:^t taken separately, ijdtimately vanishes, yet their 
ratio continually approaches nearer and nearer to some defi- 
nite value, which can be found for any particular curve under 
consideration. For the ellipse this ratio is a constant quantity, 
that is, it is the same for every point of the curve, and hence 

the force varies as — r. 

s P* 

138. The foregoing considerations will show the nature of 
the investigations by means of which Newton ti'aced his way 
to the true theory of the planetary motions. Assuming that 
the planets were kept in their orbits or made to describe 
certain curves in one plane by a force directed towards the 
sun, his object was first to find what must be the law of force 
by which this could be effected. Kepler has proved that the 
orbits were ellipses having the sun in one of the foci, and 
Newton easily proved, in the way we have explained, that 
the force must be inversely proportional to the square of 
the distance. He discussed likewise the laws of force for 
other curves, and other centres. For circles his discussion 
is nearly as we have given it ; and, if an ellipse were described 
round the centre, he finds that the force must vary directly 
as the distance. It is evident, therefore,' that, as far as the 
planetary motions are concerned, the force must be that of 
the inverse square of the distance, for no other law of force 
can be reconciled with Kepler's first law derived from ob- 
servation. 

139. Again, he found thatfor any law of central forces what- 
ever, the areas described must be proportional to the times ; 
and this latter fact being previously known as the result of 
observation, in the description of the orbits of the planets 
round the sun, it is plain that the force by which the planets 
are kept in their orbits is directed to the sun. This proposi- 
tion was therefore to be proved before the laws of force 
round a fixed centre could be considered, and thus in New- 
ton's " Principia " it forms the first proposition, though we 
have taken it according to the order of Kepler's laws. 

140. Lastly, Newton found that the time of his descrip- 
tion of any elliptic orbit round a centre of force varying 
inversely to the square of the distance would vary in what 
is called the sesquiplicate ratio of the semi-axis m&Yvt 
directly, and of the square root of the ma*&^ oi \Jsxa ^\J«%5iV 
ing body inversely. Thus, if t be t\ie \iiae oi T«s^^)^^'^^ ^ 

R 
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the semi-axis major, and fi the mass, t = 



2 IT a 



, where 



r = 8*14159. This we can prove easily enough in ihe case 
of the circular orbit before discussed. Taking the equation 
F = a' B, let T be the periodic time, then t x a = 2 w, and 

p = -i^ (by hypothesis of the force varying according to the 

inverse square of the distance). 
Hence, 



so that 







= 


4^2 


X B 


or, 


T^ 


= 


4 7r2 


X B», 




T 




.2ir 


B* 



V A* 



and this expression is equally true in the case of an elliptie 
orbit, and is, in fact, the symbolical enunciation of Kepler's 
third law. 

141. Having thus discussed the simplest of the features 
of the theory of gravitation, and shown how it can be proved 
that Kepler's observed laws are some of the simplest con- 
sequences of it, we will proceed to show in what manner the 
motion of the sun in longitude can be calculated, and to 
exhibit the principles of the construction of the Solar Tables. 

142. Let A p B be the half of the elliptic orbit of the earth 
described round the sun at s, a focus of the ellipse. Upon 
A B describe the semicircle a q b. Let p be a position of 
the earth at any time, and draw the line q p n perpen- 
dicular to A B. Join s Q, s p, 
o Q, p. Imagine now a body 
to describe the circular orbit 
A Q B in the same periodic time 
that the earth describes its 
elliptic orbit, and letboth start 
together from a, the perihe- 
lion; also when this body is 
at M, let the earth be at p; the 

latter having got beyond the former on account of its greater 
angalar motion near the perihelion. Tlio au^Q k c u \% colled 
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the me0a anomaly, and asp the true anomaly. If, then, the 
relation between these angles can be expressed, that is, if 
the true anomaly can be expressed in terms of the mean 
anomaly, the earth's real motion or the son's apparent 
motion in longitude is known. For, suppose the time taken 
by the earth in moving from a till it returns to it again be 
called p, and the time of describing the angle a o m be called 
T ; then, since the circle a ic b is described uniformly, we 
have (if angle a o m = m), 

p ' 

and, therefore, the true longitude, if it can be expressed in 
terms of m, can be calculated. Now this can be done by 
means of an infinite series in terms of the excentricity of 
the orbit, but it is usual with astronomers to use an inter- 
mediate angle acq, called the excentric arumialy, to effect 
this development. 

143. In fact, the mean anomaly can be expressed very 
simply in terms of the excentric anomaly, and the true 
anomaly can also be so expressed, and, for the benefit of such 
of our readers as are conversant with trigonometry, we will 
give the equations connecting these three quantities, as our 
reasoning will thus be rendered clearer. 

If w, u, and V be respectively the m^an, the excentric, 
and the true anomaly, and e the excentricity of the orbit, 
then 

m = ti — 6 sin. u ; 



and tan. i v = a/ ^ _ ^ tan. i u. 

144. We should be going too far beyond the limits of an 
elementary treatise if we attempted to show how, by means 
of the above equations, v is expressed in terms of m. It is 
sufficient to say that it can be so expressed in a series whose 
first term is m, and that the other terms, involving powers of 
e and sines of multiples of m, are easily calculable, because 
e is for all the planetary orbits very small. We get then an 
equation of this shape — 

« = i» + B, 

and this latter term is calculated for e«i.Ci\i "^\«jifeV m ^t;X«ok>n^ 
tables with the mean anomaly for VSiie «c^xcL«ti^»> «sA. *v^ 

£2 
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called the equation of the centre. This is the first of the 
equations or inequalities in the computation of the fongitude 
of the son or a planet, which is to be taken into account, 
and, if the orbits of the planets were strictly elliptical, it 
would be the only one. But, as we shall see presently, the 
action of the other large planets disturbs not only the plane 
of the orbit of any one of them, but also the position of the 
body in the orbit, and other corrections, called perturbations, 
must be applied to its longitude computed from the elliptic 
theory, before the true longitude can be obtained by addition 
of the longitude of the perihelion or apheHon to the true 
anomaly. 

145. There is one disturbance of the solar orbit which we 
shall have occasion to mention before proceeding further, and 
that is the progressive motion of the apogee or perigee^ or the 
points of greatest and least distance from the earth, and as 
this is common to the other planets, we will take this 
opportunity of saying something of its physical cause. 

146. Let p be a posi- 
tion of the earth, or other 
planet near the perihe- 
lion A, and imagine that 
at p the force in the 
direction p s is suddenly 
increased by a small 
quantity, which soon 
afterwards ceases. Take 
p a in the direction of 
the motion at p to re- 
present the velocity, and 
a h parallel to p s to represent the deflecting force at p in 
the undisturbed orbit. Take also a h' to represent the 
increased deflecting force. Then it is plain that the planet 
will be made to move in a curve such as p h' a' lying within 
p hj and making at p a more acute angle than s p t with 
s p. With regard to its point of least distance then, or 
apse A, it will be as it were thrown back, since the angle 
s p T has been continually increasing in the progress of the 
planet from b to a; or, the place remaining the same, the 
apse is thrown forward as to a^ or, in other words, the apse 
progresses, or goes forward in the direction of the motion. 

147. Again, soon after the planet has passed perihelion, if 
we suppose the deflecting force to be suddenly increased, the 
direction at its motion, which then mokes oix o\Ak)l%^ ^isi^e 
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with the radius vector, will be changed, so as to make an 
angle more nearly equal to a right angle ; that is, the planet 
will be nearer to the apse of the disturbed orbit, and the 
apse still progresses. Hence, when the force drawing a 
planet towards the sun is increased near the perihelion 
position, the apse progresses ; and, by similar reasoning, ii 
the force were diminished, the apse would regress, or go 
backwards contrary to the direction of the motion. 

148. Again, if the planet be near to, and approaching the 
aphelion b, the tendency of an increase of force will be to 
make the direction of motion more nearly perpendicular to 
the radius vector, or to bring the apse of the orbit backwards, 
or make it regress ; and similarly, after the aphelion has 
been passed, th"; direction of motiL will, by the' disturbing 
force, make a more acute angle with the radius vector, or 
the apse will still regress. Finally, near the aphelion, if the 
gravitating force be diminished, the apse will progress.* 

149. Since, then, a disturbing force acting towards the sun 
produces opposite effects at the perihelion and aphelion', there 
must be some intermediate points of the orbit where the 
effect of a slight disturbance acting towards or from the sun 
will be nothing ; and other points where a nice determina- 
tion is necessary to determine what will be the effect. At 
present we are only concerned with the general explanation 
of the phenomenon, and with the general effect on the 
relative orbit of the sun and earth. By the action of the 
planets the radial force tending to draw the earth towards 
the sun is sometimes increased and sometimes diminished, 
but the mean, or average effect, is to make the apse progress 
by a minute quantity amounting to about 12" in a year. 

150. This motion has been detected by comparison of the 
longitude of the aphelion calculated from observations of the 
sun at widely distant periods. The place of the perihelion or 
apheHon is, in fact, one of those elements of a planet's orbit 
which must be known before its place for an assigned epoch 
can be calculated. If the reader remembers the process 
which was sketched (in 144) for finding the longitude of the 
sun, he will see that the elements really involved are — 

1. The mean anomaly, which depends on the mean 

motion, or the semi-axis major of the orbit. 

2. The excentricity of the elliptic orbit. 

8. The longitude of the perihelion or aphelion* 

♦ See Airy*8 " Gravitation" \)a^^ ^V* 
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151. In the case of the son, which moves in the ecliptic, 
these are sufficient to determine the true longitude ; but, in 
the case of other planets, two other elements are necessary, 
viz. — those which define the position of the planes of their 
orbits with regard to the ecliptic. These are, the inclinatioii 
of the plane of the orbit to the ecliptic and longitudes of the 
nodes — that is, of the points where tiie orbit cuts the ecliptic. 
The elements that are necessary, then, to determine the 
position of a body are, the mean distance, the excentricity, 
the longitude of aphelion or perihelion, the longitude of the 
node, and the inclination of the orbit to the ecliptic, and 
finally, the mean longitude at a given time. 

152. To return, then, to the consideration of the motion 
of the perigee of the solar orbit. By certain assumed values 
of these elements, derived originally from observation, the 
longitudes of the sun can be calculated, and compared with 
longitudes derived from observed right ascensions and polar 
distances. Hence, the errors of the calculated longitudes 
can be found, and can be again expressed in terms of the 
errors of the elements (for it is evident that the whole error 
in longitude is made up of the errors produced by each 
of the erroneous elements taken separately) ; thence a series 
of equations can be formed from which the corrections of 
the elements can be obtained, and a corrected value of the 
longitude of the perigee or apogee can be found. Imagine 
this to be done for two epochs as distant as possible, that is, 
as distant as will allow of two sets of trustworthy observa- 
tions. Two distinct values of the longitude of the perigee 
or apogee will thus be obtained, and the difference of these 
divided by the number of years, separating the observations, 
will give the apparent annual motion with regard to the 
equinox, supposed fixed. Correcting this for the precession 
of the equinoxes (See Chapter III.), we could obtain the real 
progression of the apse of the solar orbit, which we have said 
amounts to about 12!' per year. 

158. Having thus treated of the theory of the solar motion, 
we will proceed to apply it to the explanation of the various 
measures of time used in civil life and by astronomers. For 
the purposes of conmion life, since our daily business is 
regulated by the times of the rising, setting, and culmination 
of the sun ; since also he regulates the return of the seasons 
in the same recurring order ; it is evident that our smaller as 
well as our larger measures of time, that is, our days and our 
j'ears, mast be regulated by ibis lumm^Kty. KattoxLomifially 
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epeaking, this method of measuring time by the sun has 
its defects, on account of the irregularity of his motion 
with regard to the equator, but still no other can be found 
which would so well answer all those common needs which 
render requisite an artificial measure ; and hence astronomers 
have devised means of obviating the inconvenience of the 
irregular motion of the sun, and of still employing him for 
the purpose. It is not absolutely requisite that tiie clocks 
and the chronometers which are used to give ordinary indica- 
tions of the lapse of time, and which must go on the whole 
regularly or equably (at least, it is manifestiy impossible to 
make them imitate or represent any periodical inequalities of 
motion), should denote exactly the position of the real sun 
with regard to the equator. If we could always find the 
position of an imaginary sun moving uniformly in the equator, 
and on the whole never deviating far on one side or the other 
from the real sun, it is plain that such an imaginary body 
would answer almost equally well. The mornings, that is, 
the interval from smmse to noon, might sometime! be a few 
minutes longer or shorter than the evenings, or the intervals 
from noon to sunset ; and so we might (as we actually do) 
have very short afternoons before Christmas, when we should 
be glad of a longer duration of daylight, but this is a very 
slight inconvenience contrasted with the advantages of an 
equable standard agreeing so closely with the sun. 

154. The mean sun, then, describes the equator with the 
sun's mean motion or longitude, that is, it is supposed to 
describe on the equator daily an arc of 59^ 8"'d8, with 
a uniform motion ; while the real sun describes the ecliptic 
with a motion sensibly irregular, on account of the elliptic 
orbit. Hence, his motion, measured along the equator, is 
irregular on two accounts, — first, because his place being 
referred to the equator by a perpendicular arc drawn to it, 
his distances from the equinox, measured along the ecliptic 
and equator, are not equal ; and, secondly, on account of the 
unequal motion in the ecliptic. From both these causes 
conjoined the true sun sometimes passes the meridian before 
and sometimes behind the mean sun, that is, a dial which 
gives the true motion of the sun referred to the equator will 
sometimes point to twelve o'clock before and sometimes after 
mean noon. In fact, the real and the fictitious sun cross each 
other four times in the year. For example, in the year 1868, 
the mean noon coincided with the appareiit tiow^^ ^se^ ^gassHro. 
by the sun's transit on April 15, Jxuie \4:, ^^ssl^^V* '^^ ^siSk 
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December 24. The difference in time for any day between 
the transits of the real and fictitious son is called the equation 
of time, and is given in the first page of each month in the 
^'Nantical Almanac." 

155. Astronomers are, however, in the habit of using 
another measure of time, viz., sidereal time. A sidereal day 
is the interval between the departure and the retam of a 
star to the same meridian, as the solar day is the interval 
between the departure and return of the mean or the real 
sun. A clock used in connection with the transit instrument 
is set so that its index shall denote 0^ 0™ 0' (or nearly so) 
when the first point of Aries is on the meridian, and the 
sidereal time commonly used by astronomers denotes the hour 
angle (west) of this point, and is therefore affected by the 
equation of the equinoxes. As the effect of nutation causes 
the motion of the equinoxes to be irregular, sidereal time 
is not, strictly speaking, a uniformly increasing quantity, 
and might be distinguished into mean and apparent^ in the 
same manner as solar time. But the smallness of the 
fluctuations arising from this cause (being only 2'*8 in a 
revolution of the moon's nodes, or 19 years) makes this 
refinement unnecessary, and therefore, in practice, sidereal 
noon is the instant when the true vernal equinox is on the 
meridian, and a sidereal day is, in practice, the interval 
between two successive returns of the equinox to the 
meridian. 

156. Since the mean sun moves in the equator from west 
to east, contrary to the diurnal motion, wiUi a daily motion 
of 59^ 8"-88, or, in time, of 8" 56«-555, the mean solar day 
will be longer than the sidereal day by this quantity ; and, there- 
fore, 24^ of mean solar time are equivalent to 24^ 8°^ 56**556 
of sidereal time ; or, the ratio of a sidereal day to a mean 
solar day is as 

1:1+ ^ g^^^';^^g , or as 1 : 1-002788. 

157. We will now proceed to the explanation of the larger 
divisions of time. In very early ages some nations reckoned 

heir years by synodical periods of the moon, or the intervals 
between successive conjunctions with the sun. A lunar year 
with them was this interval between successive conjunctions, 
the time of new moon admitting of tolerably accurate ob- 
Bervation. But the greater number of civilised nations have 
taken a revolution of the sun as the unit for their year, though 
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it reqtiired some progress in astronomical knowledge before 
this could be rendered an accurate standard. It is evident 
that the interval of time that was wanted was that in which 
the sun after leaving the equinox returns to it again, for on 
this the return of the seasons depends. This measure of time 
is aptly called the tropical year. The sidereal year is in like 
manner the time between the sun's departure from and return 
to a fixed star or other fixed point in the heavens. Finally, the 
anomalistic year is the interval between the departure of the 
sun from the perigee or apogee of his orbit till his return to 
it again. 

158. Now, as the equinox goes backward annually to meet 
the sun by a quantity amounting to 5(y''224, the sidereal 
year is longer than ike tropical year in the proportion of 

50-224 
860° : 860** — 50"-224, or as 1 : 1 — 1296000 ' °'' ^^^^^^ ^^ 

50*224 
1 + 1296000 • 1 5 ^^ »s 1-00008875 : 1. 

But, according to Bessel, the tropical year (which is 
subject to a very slow variation) was, at the beginning of 
this century, equal to 865^ 5^ 48™ 47"-819, the days being 
of course mean solar days. Hence a sidereal year is longer 
than this by 20" 22'-9804, or is equal to 365* 6'* 9"» 10-749. 
This result the reader may verify for himself. 

159. Again, the sidereal year is shorter than the anoma- 
listic year in the proportion of 1 : 1 + ^^^^^^^ : or of 

^ ^ ^ 1296000 

1 : 1-00000926, and the reader may readily calculate its 
length. 

160. We have not much space to devote to the consi- 
deration of the formation of the calendar, or the means 
taken to prevent the accumulation of error in the course of 
years on account of the hours, minutes, and seconds, which, 
over and above the 865 days, make up the tropical year ; 
but we can give a few words of explanation. If we were 
to assume the year to consist of 865 days instead of its exact 
amount, an error amounting to very nearly a day would be 
entailed every four years, and this in a century would throw 
the minor divisions very nearly a month out with regard 
to the seasons. It was, in fact, this accumulated error, 
amounting at the time to ninety days, which. lft^\»Q *0ci.^';S^SS>«5^ 
correction, so called because oi its ce\eV)T«A.^^ ^xjSCkSst^'J&^^Ssaa* 
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Caesar, who carried it into effect about forty-five years before 
the Christian era, with the assistance of the Eg3^tian astro- 
nomer Sosigenes. This correction consists in intercalating, 
or adding, a day in February every fourth year; that is, 
making every fourth year to consist of 866 days instead of 
365 days, and the corresponding February to consist of 
twenty-nine days instead of twenty-eight days. The year 
thus augmented was called by the Bomans bmextile, and is 
now here familiarly called leap-year. But it is evident 
that even now the correction is imperfect. It is based on 
the supposition that the average year consists of 865 days 6 
hours, which exceeds its true amount by 11 minutes 12 
seconds. The correction is therefore too great by nearly 
■^'^, or by 3^3- part nearly. Hence arose the Gregorian 
correction devised by Tope Gregory XTTT., in the year 1582, 
which was adopted in Catholic countries in the sixteenth 
century, but not in England till the year 1752, when the 
calendar, which was wrong by 11 days, was corrected, and 
the New Style commenced. 

161. The Gregorian correction consists in omitting three 
leap-years out of one hundred ; that is, in omitting one leap- 
year at the beginning of three successive centuries, and 
retaining it at the commencement of the fourth, and is 
equivalent to subtracting y^o V^ from the Julian correction 
to the year. Now we saw that the quantity really wanted 
is ^ part, and the difference is so small that it will not cause 
an error of a day in four thousand years. The leap-years 
are those which can be divided by four without remainder 
(thus 1868 was a leap-year), and the remainder after dividing 
any other year by four will indicate the number of years 
since the last leap-year. The Gregorian correction omits the 
intercalation of the day in the secular years 1700, 1800, 
1900, but retains it for the next secular year, 2000, and so 
on, repeating the omission of the intercalation every fourth 
century : and the rule for determining which of the years 
commencing centuries are bissextile and which are not, is 
analogous to the former ; omitting the last two ciphers, if 
the remaining number is divisible by four the year is bissex- 
tile, but if it be not so divisible the year is not bissextile.* 

162. We have now concluded our remarks on the theory 
of the apparent motion of the sun, and its application to th^ 

♦ For a very valuable article on the Calendar and the Theory ol 
Chronological Enochs, see Sir J. Herschers ** Outlinee of Astronomy," 
part iv. chap, xviii. 
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measure of time, and it remains that we give a short account 
of what is known of the physical constitution of this 
wonderful body, and its relation to us with regard to our 
comfort and convenience. 

163. Our attention is fbrst drawn to its size and mass ; and 
the principles already explained will enable the reader to see 
that we can directly measure these elements. The solar 
parallax has been accurately measured, and according to 
recent investigations amounts to about 8"*85. This, the 
reader will remember, represents the an^e which the semi- 
diameter of the earth would subtend at the centre of the sun, 
and from this the distance is easily deduced. 

B 



© 



Thus, in the above figure, if s be the centre of the sun, and 
that of the earth, c e the earth's equatorial semi-diamet^. 

Then, s c = e c x cotan. esc. 

= E c X cotan. 8"*85. 

By calculation, the distance s o will be found to be 28,816 
times the length of the earth's semi-diameter, or, in round 
numbers, to above 92,400,000, miles. Now the mean value 
of the sun's angular diameter, as seen from the earth, is, 
according to Bessel, 82' 1'''8. Hence it is evident that 
the diameter, expressed in miles, will be 184,800,000 x 
tan. 16' O'^'Q, that is, to twice the distance multiplied by tha 
angular semi-diameter. This gives for the actual diameter 
of this stupendous globe, expressed in English miles, the 
almost incredible value of 860,000 miles. It will perhaps 
assist the reader in forming an idea of the real size of the 
diameter of the sun, thus set down in figures, if we compare 
it with the dimensions of the lunar orbit. The mean dis- 
tance of the moon is about 240,000 miles. If then, we 
imagine the centre of the earth to coincide with that of the 
sun, the surface of the latter body would not only include the 
lunar orbit, but would extend almost as far beyond. The 
mass of this body is no less wonderful (our readers who have 
read the Eudimentary Treatise on Mechanics will be familiar 
with the astronomical meaning of the term mass). Since all 
bodies in nature gravitate towards each other, the energy or 
force with which one body of the solar system attcoAl^ cs^ 
draws any other is represented b^ \Jc^\.cna.^ w^^ *^ *^^ 
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matter of which the attracting body is composed be homoge* 
neoas, the mass would be proportioned to the quantity of 
matter, though this latter idea belongs more to bodies of 
small size, which we have occasion to compare on the surface 
of our own planet. However, in astronomy, the attracting 
force only of a planet on another is meant by the term, and 
this is measured, as we have had occasion to explain (188), 
by the space through which the attracted body is deflected 
in a given time, or by the curvature of its orbit. On this 
depends the time of revolution of the planet, and conversely 
the known times of revolution of planets which have satellites, 
compared with the times of revolution of the satellites round 
their primaries, are used for determining the mass of the sun. 
Thus if M, m, and vd be the masses of the sun, the earth, 
and the moon, and a and a the semi-axes of the solar and 
lunar orbits, then if t and t represent the times of revolution 
of the earth round the sun and of the moon round the earth, 
that is a sidereal period of each of these luminaries ; we shall 
have (140) 



Hence, 



M + m m + m' 

M + m a' t' 



$ • 



wi + ^' a^ * T** 

Now, the radii of the lunar and solar orbits are in the 
proportion of 240,000 : 92,400,000, or as 1 : 885 ; and the 
revolution of the moon round the earth is to that of the 
earth round the sun in the proportion of 1 : 13-4 nearly. 

Hence, ^LdL^,= i§?^ = 817,810 nearly, 

w + w/ (13-4)* 

And as m is so small compared with m, we may safely 
neglect it in making this comparison. 

Therefore, m = 817,810 X (wi + m') 

that is, the mass of the sun is approximately three hundred 
and eighteen thousand times the sum of the masses of the 
earth and moon. 

164. To form some idea of the effect of this enormous dis- 
proportion of masses, let us assume that m = 818,000 x w, 
the mass of the moon being small, and try what will be the 
proportion of the pressure exerted on two individuals, one 
on the surface of the sun, and the other on that of the earth. 
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The effects of the masses will be the same as if the same 
energies were exerted at the centres of the sun and earth, 
and will be inversely proportioned to the squares of the dis- 
tances from the centres to the surfaces, that is, to the squares 
of the semi-diameters. Let b and r be the semi-diameters of 
the sun and earth, p and p the pressures exerted on the 
same particle of matter at the surfaces. 

Then, p = £.and»=!5. 



TT p M r* 

Hence, - = __ x -7 

p m B,^ 

= 318,000 X 
_ 318,000 



(4000 )' 
(430,450)' 

nearly 



(108)' 
= 27J nearly. 

Hence a man weighing 150 lbs. at the earth's surface, 
would be, at the surface of the sun, pressed towards the 
centre with a force equivalent to 27 i x 150 lbs., or to nearly 
two tons. In fact, he would be completely crushed by his 
own weight or gravitating tendency. The same reasoning 
will apply to some of the planets which have satellites, and 
the result is that there is no known planet but the earth, 
which is adapted for the muscular energy and temperament 
of man and the other animals, and hence we have a beautiful 
specimen of design and of the adaptation of the globe which 
we inhabit to the nature and constitution of its inhabitants. 

165. The vicissitudes of the seasons are regulated by the 
elevation or depression of the sun in his annual circuit above 
or below the equator. Thus at midsummer his elevation 
above the equator is about 28 J°, being equal to the obliquity, 
or inclination of the ecliptic to the equator. At midwinter 
he is depressed below the equator by the same quantity. 
Finally, at the vernal and autumnal equinoxes he is situated 
in the equator, being then at the points of interse<'tion of tho 
equator and ecliptic. 

166. We will show by a diagram the effects produced on 
the length of the day and night by these circumstances. Let 
T, T^ T^^, T^^, represent four positions of the earth, corre- 
sponding to the summer solstice, the autuxxmdi ^QJQ!vxiss^^*^^ 
winter solstice, and the vcni'^I ecjomox^ m Vwa» ^\ixi»siw «s^^ 
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lonnd the sun, s ; let p p' be the axis of rotation continuing 
always parallel to itself, and let e qhe the equator. Then 
at T the sun is above the equator by the angle s t «, or 
by the obliquity (28^^), and if we draw a d perpendicular to 
s T, the shaded portion of the globe represents the part on 
which the sun's light cannot fall, or where night exists, and 
the unshaded portion represents the illuminated hemisphere, 




or the portion where day prevails. Hence by drawing 
small circles parallel to the equator, we observe that for all 
parts above a, that is, in the northern arctic regions, there is 
no night, and that for all parts below ct^ that is, for the 
southern arctic regions, there is no day ; — ^for any point above 
the equator, the days are longer than the nights by the 
greatest possible quantity ; — and for any place in the southern 
hemisphere the nights are longer than the days by the 
greatest possible quantity. All these phenomena will evi- 
dently be reversed at t,,, or the winter solstice, where the 
north pole is turned away from the sun, and the south pole 
turned towards him. Finally, at t^ and t,,,, or at the equinoxes, 
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the days and nights are eqnal throughout the glohe, since 
the half of any circle of latitude is half in light and half in 
darkness. 

167. With regard to the physical peculiarities of the surface 
of the sun, our knowledge is derived from telescopic ohserva- 
tions. K the image of the disk he projected on a screen in 
a darkened chamher, or if it he viewed directly through a 
telescope of which the eye-piece is provided with coloured 
glasses for the protection of the eye, it will he generally 
found that the disk is not uniformly bright, and that in some 
places spots {macula) of absolute darkness occur upon it. 
These spots vary exceedingly at different times. At some 
periods large groups of these spots suddenly break out and 
continue for a considerable time, while at other times the 
disk is comparatively clear for a long period. They are 
exceedingly irregular in their form, but they all, when of any 
magnitude, agree in having the middle portion of intense 
blackness, while the margin is surrounded by a penumbra 
only partially shaded. If the attention be directed from day 
to day to any remarkable spot which has appeared near the 
sun*s eastern borders, and its position be mapped down on a 
circle drawn on paper, it will be found to have a motion in 
an elliptic curve from east to west, increasing in rapidity as 
it approaches towards the centre, and becoming very slow 
near the western border. From such observations it becomes 
evident that the spots are not bodies revolving round the 
sun, but that they exist upon his surface and revolve with 
him. They can frequently be observed during at least one 
or two revolutions, and in rare instances they have been 
watched during several ; but small ones frequently disappear 
in the course of a few days. Advantage has been taken of 
the durations of these revolutions for the determination of 
the time of rotation of the sun. The problem is difficult and 
not adapted for a popular treatise ; and the reader may be 
referred to Sir J. Herschel's ** Outlines of Astronomy" for an 
excellent sketch of the method by which the time of rotation 
is deduced. We will content ourselves with simply recording 
the results. According to the best recorded determinations, 
the inclination of the sun's equator to the ecliptic is about 
7° 20', the longitude of the ascending node being 80** 21', 
and the period of rotation is 25* 7^ 48"^. 

The spots are generally confined to the neighbourhood of 
the sun's equator, and are never found in. the t^qW "t<b^'5rc«.\ 
they are also frequently fouud anaa^^^ Nil *Csia ^siassws^ ^\ 
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belts parallel to the equator. These circumstances seem to 
indicate that they owe their origin to the rotation, and are 
produced by disturbances in the solar atmosphere occurring 
much in the same way as storms above the surface of our 
own planet. Sir WilUam HerscheFs hypothesis concerning 
their formation, which is based on these circumstances, is 
the following. He supposes ** luminous strata of the atmo- 
sphere to be sustained far above the level of the solid body 
by a transparent elastic medium, carrying on its upper surface 
(or rather at some considerably lower level withm its depth) 
a cloudy stratum, which, being strongly illuminated from 
above, reflects a considerable portion of the light to our 
eyes, and forms a penumbra, while the solid body shaded 
by clouds reflects none. The temporary removal of both 
the strata, but more of the upper than the lower, he supposes 
eflected by powerful upward currents of the atmosphere, 
perhaps from spiracles in the body, or from local agita* 
tions.'* * 

168. In connection with the maculcB, or spots, another 
singular phenomenon is witnessed on the surface of the sun, 
which consists in strongly-marked curved or branching 
streaks or lines, brighter than the surface in the neighbour- 
hood, called /ocu^. They are most commonly seen near 
the borders of the disk, and are either in the neighbourhood 
of large spots or are precursors of their formation. They 
bear every appearance of owing their origin to violent agita- 
tions in the luminous atmosphere or envelope of the sun. 

169. Some additional and most interestmg knowledge of 
the constitution of the solar atmosphere has been gained by 
the observations of total eclipses of the sun, and especially 
by the well-organised series of observations which were made 
along the line of totality of the eclipses of 1851, July 28; 
of 1860, July 18 ; and of 1868, August 17-18. 

The eclipse of 1851 was total for several countries in the 
North of Europe, and especially for Sweden, Norway, and 
parts of Prussia and Poland. Parties of observers, well 
furnished with instruments and with elaborate instructions 
for the observation of every phenomenon which former 
experience had suggested, were despatched from England, 
France, and Germany, to the various towns and stations (pre- 
viously selected) which could insure the full observation of 
the phenomena in all possible phases. The circumstances were 

* Sir J. Herschers *' Outlines/' page 229. 
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exceedingly favourable, the moon being near perigee, and the 
eclipse occurring early in the afternoon, when the sun was 
high. 

The results folly answered the expectations which were 
formed concerning it. All the observers agree in the main 
features of this grand and strikinig phenomenon, while the 
variations, arising from their difiSarences of locality, give 
much important information concerning some circimistances 
which could not have been obtained at any one station. As 
soon as the disk of the sun was completely hidden by the 
moon, a bright corona of white light, similar to that of an 
aureola or glory, was seen round the border of the moon, 
now appearing like an intensely black patch in the sky. 
Bound the black circle of the moon, at irregular distances, 
were seen bright and mountainous, or rather flame-like, pro- 
tuberances. The greater number of these, according to the 
accounts collected from the different observers, seemed to be 
in contact with the moon's limb, and were broader at the 
bottom than at the top, but one at least was seen distinctly 
separated, and suspended, as it were, in the atmosphere 
surrounding the sun. In one direction, many observers 
agree in noting a large red sierra, or long mountainous- 
looking range, with an irregular tooth-like edge. Another 
protuberance had the shape of a sickle with the top broken 
off, and with another irregular-looking mass very near it, but 
neither in contact with it nor the moon's edge. Such pro- 
minences as were near that part of the sun's limb towards 
which the moon was moving, were observed to decrease in 
height (the moon passing over them), while those on the 
opposite part of the limb increased in height. It is evident, 
therefore, that these wonderful phenomena belong to the sun 
and not to the moon, and it is probable that they are of the 
nature of illuminated clouds suspended in the atmosphere 
surrounding the luminous envelope. There is Httle doubt 
also that the luminous ring or corona belongs to the sun and 
not to the moon, though its boundaries are so vague (the 
light becoming gradually weaker as the rays recede from the 
centre) that it was impossible in general to determine whether 
it was concentric with the sun or with the moon.* (See 
Vignette.) 

The interest which was excited by the observations of 
the eclipse of 1851 induced astronomers to look eagerly 

• See Notice of the Moyal Astronomical fi[oc{6tv iox ^^isoax^ ^^"SSftfV 
for the collected accounts of observaUoiia. 
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for the next great eclipse which would be visible in Europe, 
namely, that of 1860. Its central line passed across Spain, 
and the British Government put at the disposal of the Astro- 
nomer Boyal, and other astronomers who intended to 
observe it, the large steamer Hilamaya, At some of the 
important stations, as at those chosen by the Astronomer 
Boyal and Mr. (now Dr.) De la Eue, the circumstances of 
weather were favourable, and excellent physical observations 
were made, confirmatory of those made during the eclipse of 
1851. In particular, it was proved beyond a doubt that the 
red prominences belonged to the limb of the sun, and not to 
that of the moon. Mr. De la Eue succeeded in his attempts 
at photographing the various phases of the eclipse to such an 
extent, that several minute particulars were found registered 
in the photographs which would have otherwise escaped, and 
measures were afterwards made from them of the distances 
of the cusps and limbs, rivalling in accuracy the most refined 
micrometrical measures. Mr. De la Hue's detailed account 
of the eclipse formed the Bakerian Lecture of the Royal 
Society for the year 1862, and will be found in the PhUoso- 
phical Transactions for that year. Another excellent account 
is that by the late Dr. Bruhns, of Leipzig, in the Astrono- 
mische Nachrichteriy No. 1292. 

The total eclipse of August 17-18, 1868, was central over 
a great part of India and some of the islands of the Indian 
Ocean, and was of very great importance, on account of the 
time of totality for stations on the central line being almost 
the greatest possible. Amongst the expeditions which were 
organized for observing it, two were sent from England, under 
the auspices of the Boyal Society, and the Boyal Astrono- 
mical Society respectively, the former being directed by 
Major (then Lieut.) Herschel, who went to Jamkandi, and 
the latter by Colonel (then Major) Tennant, who observed 
at Guntoor. A German expedition selected for its station a 
position near Aden on the Bed Sea ; this included Drs. Weiss, 
Oppolzer, and Tiele. Two French expeditions were also 
sent out, of which one was under the charge of M. Stephan, 
the astronomer at Marseilles, who observed at Whatonne, 
on the Malaccan peninsula ; and the other under that of M. 
Janssen, who observed at Guntoor. Important discoveries 
were made by means of the spectroscope, concerning the 
nature of the red prominences seen in every total eclipse 
round the borders of the sun. A short account of spectrum 
BnsilyBiB wiiJ be given in an appendix to this volume, and it 
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may be sujQGicient here to state that the observations made 
during the eclipse prove that the red prominences consist of 
incandescent gases ; but much yet remains to be learnt with 
regard to their exact nature. Another remarkable discovery 
has been made almost simultaneously by Mr. Lockyer and 
M. Janssen, namely, that it is practicable to obtain spectra 
of the red prominences at all times when the sun is visible, 
and not only during a solar eclipse. A total eclipse which 
occurred on August 7th, 1869, was well observed by several 
parties in the XJnited States; and one which was total on ' 
December 22nd, 1870, in Spain, Sicily, and North Africa, 
was watched by several parties, both European and American, 
though the weather was unfortunately bad at several of the 
stations. We have only space to mention later total eclipses ; 
that of 1871 in India, of 1875 in Siam, and of 1878 in the 
United States. Important extensions of our knowledge have 
been made at all, especially with regard to the nature of the 
so-called corona, which have thrown much new light upon 
the subject of solar physics. (See page 171 in the Appendix.) 
170. The last phenomenon wlach we have to notice in 
connection with the sun is the zodiacal UghU If we look at 
the western part of the sky on a fine spring evening after the 
setting of the sun, we observe a brightness which we feel at 
first tempted to attribute to the still lingering twilight, 
except that it is considerably more intense ; but, if we con- 
tinue to watch this bright part of the sky till the sun has 
gone down so far as to prevent any of his rays from being 
reflected or refracted by our atmosphere, or tUl all effect of 
twilight has disappeared, the light still remains, and its 
intensity may be judged of by comparing the western with 
the eastern sky. The one exhibits a fine straw-coloured 
glow of light, fading away and becoming lost about forty or 
fifty degrees from the horizon ; the other exhibits the dark 
blue which is characteristic of the sky during a fine winter 
night. This light is broadest at the horizon, and tapers away 
gradually till it is finally lost in a point nearly in the direc- 
tion of the ecliptic. Indeed, if it be accurately observed, it will 
be found to have the ecliptic nearly for the axis of its lenticular 
or conical figure, and will be seen, if Yenus be in the sky, to 
extend beyond her. It is very faint in this climate, and it 
is very d^cult to determine the exact limit at which it 
terminates ; and though it evidently attends the sun — being 
always observed in the direction of the e<i\i^\.\<c ot ^^a:^^^'5>i^% 
preceding him in the morning, beioi© wnm&^/vs^'^'^ wsJ^^ssssv 
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months, and lingering behind him, and lengthening onr 
twilight, in the spring, after he has set in the evening — yet 
philosophers have not been able to form any satisfactory 
theory concerning it. It is one of those wonders of the 
heavens which, for the present, we mast be content with 
admiring, in the hope that the progress of science will, at 
some future time, throw clearer light upon its cause and 
formation, and afford fresh occasion for adoring in His works 
the great Architect of the universe, who by His word made 
and placed in this wonderful order all the orbs of heaven, 
whose motions it is the highest praise of man's intellect 
partially to understand and explain. 

171. From the action of the rays of this great body, the 
sun, arise all the motions that are discovered on the surface 
of our planet. To the disturbances in our atmosphere, pro- 
duced by the unequal action of the heat coming from him, 
we owe the breeze that refreshes us in summer, and the 
storm that drives away infection from our dwellings. By 
his agency water retains its liquid properties, and the rains 
which he has forced from the clouds descend to the sea, 
again to be raised in vapour for the renewal of the same 
fertilising process. His action forces the sap into the vessels 
of trees, shrubs, and vegetables^ and covers the earth with 
verdure and plenty. Owing to his more oblique position in 
winter, his action is then partially suspended : the rivers 
become congesded and the moisture of the ground is con- 
verted into ice ; snow covers our fields, and protects while 
it covers them. The action of the teeming earth is for a 
time usefully suspended to gather fresh strength for the 
coming season, when the sun's increasing warmth shall renew 
the energies of vegetation, and the trees shall again put 
forth their buds and their leaves : Nature then bursts forth 
again, as if refreshed with her long wintry sleep, and the 
marvellous economy of agricultural processes is renewed for 
the benefit of mankind 
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172. Next to the Sun, the celestial body most interesting 
to us is the Moon. Independently of its use in regulating 
our minor divisions of time — that is, by the divisions of 
the year into months — ^it is of incalculable use in nautical 
science, and its motions afford the only means for the accurate 
determination of the place of a ship on the ocean, or for 
measuring the terrestrial longitude reckoned from a fixed 
point of departure. The proximity of this secondary planet 
is another interesting feature in all our discussions concerning 
her. By means of observations made with good telescopes, 
the part of her surface turned towards us has been mapped 
with almost the same accuracy as that of the earth ; every 
prominent or conspicuous point is laid down in the lunar 
charts with the same fidelity with which our own mountains, 
and seas, and rivers have been depicted ; the heights of her 
mountains have been measured, and the physical peculiari- 
ties of her surface are now tolerably well known. 

178. On all these accounts the knowledge of the motions 
of our satellite becomes an object not only of very great 
interest, but of absolute necessity. The theoretical astro- 
nomer speculates upon the peculiarities of her orbit for the 
advancement of abstract science, but the great practical benefit 
from his labours is obtained by the merchant and the sailor 
in the safety of precious cargoes and still more precious 
lives ; for in the long voyages of modem navigation by which 
are exchanged the commodities and intelligence of far distant 
countries separated by thousands of miles of ocean, the long 
previously predicted and published places of the Moon 
amongst the stars are frequently found of inestimable service. 

174. We arrive at a knowledge of t\ift <i\L\'ek1 ^^^fiLW^vse^ ^^ 
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the limar orbit in the same manner as for that of the son, 
that is, by observations carried on from day to day. The 
most careless observer cannot but take notice that her place 
in the heavens varies rapidly from one day to another ; that 
she has in fact a daily motion from west to east, or in 
opposition to her diurnal rotation, of about three-quarters of 
an hour — that is, that her time of arriving at the meridian is 
on the average retarded daily by that quantity. By simply 
mapping out her path in the heavens on a globe by means of 
the known stars that happen to be near her, from night to 
night, it would be easy to see that the apparent path in the 
heavens is nearly a great circle of the sphere, and that this 
great circle makes a small angle with the ecliptic. If, indeed, 
we were to apply the corrections to her observed right 
ascensions and declinations which are due to refraction, 
parallax, &c., according to the principles explained in 
Chapter m., we should find that her path was (accurately 
enough for one revolution) a great circle inclined at an 
angle of very nearly 28° to the equator, or of 5^ to the 
ecliptic. 

175. By observations also made near the time of her 
crossing the ecliptic, where her latitude is nothing, the calcu- 
lated longitudes and latitudes will afford means, by simple 
proportion, of determining the longitude of the point where 
she crosses the ecliptic, that is, the longitude of her node. If 
also observations be continued through several revolutions, 
and the longitude of the node be thus determined, it will 
be found that this point is not fixed, but has a backward 
motion along the ecliptic, similar in its character to the 
precession of the equinoxes, but incomparably more rapid. 
In fact, observations continued throughout the space of 
several years show that the nodes regress through the 
whole circle, or come back to the same point of the ecliptic, 
or perform a revolution, in the space of rather less than 
nineteen years. 

176. Again, when we inquire into the nature of the curve 
which she describes round the earth in the plane of her 
orbit, observations of a similar character to those detailed in 
our chapter on the solar motion will show us that her orbit 
is on the whole elliptical, thus obeying Kepler's First Law ; 
and a comparison of her velocity (measured by her daily 
change of longitude), when at her greatest and least distances 
(determined by her apparent diameters measured at those 
Ijmos), wi)} show VLB that Kepler's Second Law of elliptic 
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motion is also obeyed : viz., tliat the areas swept otU by the 
radii vectores are proportional to tJie times, 

177. A comparison also of the greatest and least diameters 
will show that the excentricity of the ellipse is about 0*0685. 
Thus, if p and a be the 
perigee and apogee of the 
orbit round the earth t 
(that is, the points of least 
and greatest distance), c 
the centre of the ellipse, 
then T is the excentricity, 
supposing A 0, the mean 
distance, to be unity. Let 
Di and Dg be the observed 
diameters at p and at a : 

Then, — = -^i or, - — ; — = —' ; whence, e = --* — ; — ?• 
'at d, ' ' 1 + 5 D, ' ' D, + Dj 

If D, = 83' 80", and Dj = 29' 80", which are nearly the 

4 
limiting observed values of the diameter, e = -— = 0*0685, 

68 

agreeing with the value given above. 

178. Now, if the longitudes of the perigee and apogee of 
the orbit be observed, by means of the knowledge gained by 
the variations of the diameter, or, which is better still, by 
the variations of her velocity or daily increase of longitude, 
it will be found (as was the case in the solar orbit) that 
these points are not fixed, but have a direct motion, that is, 
in the direction corresponding to increase of longitude, so 
rapid as to carry them round the whole circle in about nine 
years. This revolution of the perigee, like that of the node, 
is not uniform, that is, it is sometimes quicker and sometimes 
slower than its mean value, and sometimes even regressive ; 
and it has a secular variation, that is, its mean motion, 
derived by observations made at two distant epochs, would 
not agree with the mean motion determined by observations 
made at other two distant epochs. But at the beginning cf 
the present century, the motion was such that the time of a 
tropical revolution of the perigee was 8281*475 days. 

179. There is still one more peculiarity of the motion of 
the moon to be taken notice of, viz., the acceleration of the 
mean motion. For example, if the moon's place be computed 
without regard to the acceleration, for tlife e^o<^ oi ^ysi.^fiCL^^.'s\^^' 
eclipse, such as the Babylonian ecVV^^ea \x^xi%m\\X.^^ ^^ x^a 



96 ACCELEBATION OF UOON'S MEAN MOTION. 

by Ptolemy, which were made several centimes before the 
Christian era, we find the longitude thas computed to differ 
by nearly a degree and a half from the longitude computed 
by the conditions of the eclipse, that is, by the known relative 
positions of the sun and moon. The moon's place, computed 
by the eclipse, is in fact in all such cases greater than that 
computed from the tables ; that is, the tables have thrown 
the moon's place too far back, or too great a mean motion 
has been allowed. This acceleration ^ the mean motion of 
tJie moon was first discovered as a fact of observation by 
Halley, and its physical cause was afterwards deduced from 
the theory of gravitation by Laplace, and was shown to 
depend on the secular diminution of the excentricity of the 
earth's orbit. It is a very remarkable example of that class 
of equations or corrections of long period, known by the 
name of secular equations. Though it has existed since the 
earliest ages of astronomical observation, still it is ^periodical 
and not permanent ; that is, after a great number of ages it 
will be reduced to nothing, and after that the motion, instead 
of being accelerated, will be retarded, through an equally long 
period. If the fact were otherwise, the moon must, in 
however remote a period, be drawn in towards the earth with 
a still accelerated motion, and would at length be attracted 
to and fall on its surface. The motion of the node and that 
of the perigee are also both subject to secular eqtuUions, 

180. The above remarks will serve to show how the 
motion of the plane of the lunar orbit and the motion of the 
moon in that plane have been observed. By refined pro- 
cesses depending on such observations, the v^ue of each of 
the foregoing elements has been obtained with very great 
accuracy. Thus, for the beginning of the present century 
(1801), the longitude of the ascending node was 18^ SS' 22", 
and its time of revolution round the ecliptic was 6798 days, 
or about eighteen years and six months ; while the time of a 
synodic revolution, that is, the interval between two succes- 
sive meetings with the sun, was 846*62 days, the node having 
gone backwards on the ecliptic to meet the sun through an 
arc of 19** 20', nearly. The mean inclination of the lunar 
orbit to the ecliptic is about 5^ 8' 48", and it varies from 
about 5** to 6*=^ 17'. The direct motion of the perigee for 
the beginning of the century was, as has been said before, 
such as to complete a tropical revolution (that is, setting out 
from the equinox and returning to it again) in 8281*475 days. 

181. The time of revolution of the moon in her orbit may, 



TIME OF REVOLUTION OF THE MOON. 97 

as in the case of the sun, be distinguished into tropvcal, 
sidereal, and anomalistic. The time of a tropical revolution 
is the interval between the departure of the moon from the 
equinox till its return to it. The time of a sidereal revolution 
is the interval between the departure from and return to the 
same point of the heavens. And an anomalistic revolution 
comprises the time between the departure from perigee or 
apogee till the return to it. In addition, for the moon we 
have a synodic revolution, that is, the interval between the 
departure from and return to conjunction with the sun, which 
depends on the relative motions of the two bodies. We 
have not space in so brief a treatise to repeat the reasoning 
by which these values are derived from the tropical period • 
by means of the elements given above. It is sufficient here 
to give the values, leaving the student to exercise himself by 
deducing them one from the other. 

182. By very exact observations of the mean motion of the 
moon with regard to the equinox made at the interval of a 
century, it is found that the value is 18^ 10' 85"; hence 
the time of describing 860^, or that of a tropical revolution, 
is 27* 7*^ 48'° 4"-7. 

183. From this can be deduced, by means of the values 
of the sun's mean motion, the annual precession, and the 
motions of the lunar node and apogee, the following values : — 

d. h. in* B» 

Time of Synodic revolution =29 12 44 2-8 

„ Sidereal revolution =27 7 43 11*6 

„ Anomalistic revolution =27 13 18 37*4 
„ Draconic revolution, or revo- "j 

lution with relation to the V = 27 5 5 35*6 
node J 

184. Thus far we have considered the moon to move in an^ 
elliptic orbit which may be considered to be described in a 
plane having a direct motion of revolution round an axis 
passing through the earth's centre, while its point of inter- 
section with ti^e ecliptic retrogrades, and its inclination to 
that plane has periodical changes. But this supposition is 
only approximately true. The moon does not move truly in 
such an ellipse, and it is only for convenience, or for the 
greater facility of calculation of her true place, that she is 
supposed to do so. If, for example, we were to take the 
elliptic elements for a given epoch, and, by the kno^N^i'^^ji^^ 
of the excentricity, construct, as in tti^ c«k»ft oi ^^ ^Ossct 
orbit, a table at the values of the equatiou of tlxe ceuue,KXs>a 
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quantity added to her mean anomaly would noi give her trns 
place in the heavens for any given time, after making every 
allowance for the retrogradation of the node, the variation of 
the inclination of the orhit, and the progression of the apogee. 
In fact, we should find, by a very simple comparison of cal- 
culated and observed places, that the calculated place was 
sometimes considerably in advance of, and sometimes behind, 
the observed place. 

185. The first and largest of the inequalities thus dis- 
coverable by observation is called the evection, and was 
discovered by Ptolemy, having escaped the observation of his 
celebrated predecessor, Hipparchus. In fact, Hipparchus, 
whose observations of the moon were made only at conjune- 
tion and opposition, had no opportunity of recognising the 
evection, because at those times it became confonnded or 
mixed up with the equation of the centre, and simply showed 
too small a value of this equation, or of the excentricity of 
the orbit. Ptolemy, however, who observed the moon at 
quadratures y that is, at 90^ distance from the syjsygies or 
conjunctions and oppositions, discovered the true law of the 
inequality, which has for its argument twice the difiference of 
the longitudes of the moon and sun, minus the moon's mean 
anomaly, and varies as the sine of this quantity. Its greatest 
value, or the co-efficient of the preceding argument, is about 
l^' 20' 29"-5. 

186. The physical cause of the evection, and indeed of 
almost all the inequalities of the moon, except the equation 
of the centre, is the disturbance produced by the sun's action 
on the relative orbit of the earth and moon, and of this we 
will attempt a brief explanation. It admits of easy proof 
from observation that this inequality depends on the position 
of the line of apsides, that is, of the major axis of the lunar 
orbit ; for, if this line be in syzygy, that is, coincident with 
the line joining the sun and earth, the moon, after moving 
from apogee through a quarter of her orbit, that is, to 
quadratures, will be found behind the place computed from 
the equation of the centre by more than a degree, but if the 
line of apsides be in quadrature, her true place, some days 
after quitting the apogee, will be found to be before the 
computed place by nearly the same quantity. Imagine 
now the line of apsides to be in syzygy; then, since the 
moon moving from apogee has been found behind her 
computed place, too small a correction has been subtracted 

for the equation of the centre, ox t\iQ ec)}i^\>\0Ti oi ^<^ centre 
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is apparently increased, denoting an increase of excentricity. 
If, on the contrary, the line of apsides be in quadrature, the 
equation of the centre, and the excentricity, would appear to 
be diminished. Hence the observed effect of the evection is 
to increase the excentricity of the orbit when the apsides 
are in syzygy,.and to diminish it when they are in quadra- 
ture. 

187. Let us now consider whether the action of the sun 
in disturbing the lunar orbit will give an adequate explana- 
tion of this and other observed inequalities. For simplicity, 
we will first suppose the undisturbed orbit to be circular, and 
trace out some of the consequences of the disturbing force 
' on this supposition, leaving the evection to the last, because 
it depends upon the excentricity of the orbit, and, though 
the largest of the inequalities, and coming first as a fact of 
observation, does not admit of so easy a popular explanation. 
It must be remembered that the effect of the sun in disturb- 
ing the moon depends on the difference of his actions upon 
the earth and the moon. The sun tends to draw both bodies 
towards his centre, and if they were at equal distances from 
him, and moving in parallel directions with equal velocities, 
it would draw them through equal spaces in equal times, and 
their relative orbits would not be disturbed. But none of 
these conditions generally hold ; the direction of the motion 
of the moon, her velocity, and her distance from the sun, are 
perpetually varying during her revolution round the earth, 
whUstyfor one revolution, these quantities may be considered 
for the earth pretty nearly constant; hence disturbances 
arise in the orbit, and it is plain that the points of syzygy 
wUl be those at which she is particularly affected, since at 
conjunction she is nearest to him, and at opposition farthest 
from him. If she be nearest to him, or at conjunction, then 
she is pulled towards him more than the earth is, and, her 
gravitation to the earth being lessened, the curvature of her 
orbit is lessened ; if, on the contrary, she be farthest from 
him, she is pulled less towards him than the earth, and the 
curvature of her orbit is also lessened. In both these cases 
the disturbing force is directed /rowi the earth in the direction 
of the radius vector. But at any intermediate point, the 
disturbance in the direction of the radius vector will not be 
the only one, since the sun does not draw the moon in the 
direction of that line. In all cases, however (iie^U<i.^^%^^^^ 
inclination of the orbit to the ec\i5\.iG\ \)li^ ^^\joi\i«j^^^ ^"^ 
he always resolved, by the ordmory \wn% oi x£i^<?aas^^'^>'™ 

p2^ 
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two, one of which is in the direction of the radius veeior, and 
the other at right angles to it, or approximately in the 
direction of a tangent to her motion, her orbit being nearly 
circular. These forces are called respectively the radial and 
the tangential disturbing force ; the first increasing or 
diminishing the moon's gravitation to the earth, the latter 
increasing or diminishing her velocity in her orbit. 

188. If we were again to take the ccise for which the mDon 
is in quadratures, and her distance from the sun nearly equal 
to the earth's distance from the sun, then the sun will pull 
them equally, but not in the same direction. Thus let s, t, 

and H be the positions 
of the sun, earth, and 
moon (near quadra- 
ture), when s T = s M. 
Then -if, in a given 
time, the sun puU the 
earth and moon in 
equal times through 
the spaces m m and t t, 
these spaces will ulti- 
mately represent the forces exerted upon each. Now um 
may be resolved into m r, in the direction of t m and m r, 
parallel to t t. Hence, in this case, t t and m r (= m m), 
being equal, the effective disturbing force is represented by 
M r, in tiie direction of the radius vector. Hence at quadra- 
tures, as well as at syzygies, the disturbing force is in the 
direction of the radius vector, but at quadratures it is directed 
towards the earth, and is much less than at syzygies. At any 
intermediate part of the orbit the force will be partly radial 
and partly tangential, and the effects of these respectively in 
increasing or diminishing the gravitation to the earth, and 
in increasing or diminishing the velocity in the orbit, can be 
traced out for any assigned position of the orbit by similar 
resolution of the disturbing force. We may see, however, 
immediately, that since at m the radial force is directed 
towards t, and at a it is directed from t, there is some inter- 
mediate point where it vanishes, and where the whole dis- 
turbing force is tangential, and similarly for the other three 
quadrants. With respect also to the tangential force, it may 
be shown that it accelerates the motion of the body from 
quadrature to syzygy, but it retards it from syzygy to qua- 
drature. 
The above considerations will lend \.o u\io\i \k^ ^li^tal 
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effects of the sun's disturbing force upon the orbit which 
the moon would describe in a revolution, if it be supposed 
circular ; and in particular, it will serve to show the nature 
of one of the lunar inequalities, called the variation, which 
depends upon the oval shape of the orbit, and on the action 
of the tangential force, and causes the angular motion of the 
moon to be greater than the mean at syzygies, and less than 
the mean at quadratures, and therefore causes the moon to 
be before her mean place from syzygy to quadrature, and 
behind it from quadrature to syzygy. 

189. Thus far we have proceeded on the supposition that 
the moon's undisturbed orbit is circular, or has no excentri- 
city. The introduction of the consideration of the excentri- 
city does not greatly concern the moon's variation, but it is 
immediately concerned in the explanation of the greatest of 
the inequalities, viz., the euiction, which we proposed to 
explain. The reader will, for the present, take for granted, 
without further explanation than that offered in the discussion 
of the solar orbit, that by the action of the disturbing forces, 
the major axis of the excentric orbit, that is, the line of 
apsides, is made to revolve with a direct motion ; that is, that 
the perigee progresses with, on the whole, a rapid yet very 
irregular motion. As the relative positions of the earth 
and moon are very much affected by this circumstance, it is 
evident that the effect of the disturbing forces in producing 
inequalities will also be much affected by the position of 
the line of apsides. The principal effects may be thus 
described, though we must refer the reader to larger 
works for a complete explanation. If the lines of apsides 
be either in syzygy or in quadrature, though, during 
u revolution of the moon, the excenthcity is alternately 
increased or diminished, yet, on the whole, the excentricity 
is neither increased nor diminished. If, however, the line 
of apsides be inclined in such a manner that the moon 
passes the apsides (perigee or apogee^ before passing the 
line of syzygies, the excentricity is dimmished at every revo- 
lution of the moon. If, finally, the position of the line of 
apsides be transverse to the former, so that the moon passes 
it after passing the line of syzygies, the excentricity is 
increased in every revolution of the moon. As, then, the 
earth in its real orbit, or the sun in its apparent orbit, is 
carried round in its annual circuit, the line joining them is 
brought into every position with respect to \Xi^\YCift ^1 «:^'»S^<^'3w 
of ihe lunar orbit, and the excentncit^ ^wKl\>^ cv^«t\sis««»s.' 



104 PHASES OF THE MOON. 

exactly filled with light ; she is then distant from the stm 
by about six hours of Eight Ascension, and is said to be 
dichotomised. She then becomes gibbous, or is more than 
half illuminated, and after separating from the sun by 
twelve hours of Eight Ascension, has the whole disk illumi- 
nated, or is at the full. After this, she wanes, or the 
illuminated portion of the disk (still turned towards the sun, 
and therefore, with regard to the east and west points of the 
horizon, illuminated on the side opposite to that of the 
increasing moon) becomes less and less, till we see her again 
early in the morning as a thin crescent, with its convex 
edge turned eastwards, and we then finally lose sight of her 
till after her conjunction with the sun, when the same cycle 
of changes is renewed. 

Now these changes, or phases, are easily explained, on the 
supposition of the moon being an opaque body, made visible 
to us by light reflected from the sun. On this supposition 
(which admits of no doubt), the half of the moon's disk 
turned towards the sun will be illuminated, while only that 
half turned towards the earth will be visible. If then the 
moon be in conjunction with the sun, or between the sun 
and the earth, her dark side is on the whole turned towards 
us ; but being generally either above or below the sun, a 
small portion of her upper or lower limb is still visible while 
the crescent changes firom the eastern to the western limb. 
Again, when she is in such a position with respect to the 
esixih and sun, that her disk is dichotomised, or half illumi- 
nated, the moon is in such a position that the line joining the 
moon and earth is perpendicular to that joining the moon 
and sun, the angle formed by these lines having been before 
acute; and, after this, the obtuseness of this angle still 
increases till the moon is in opposition, that is, till the earth 
is nearly in a direct line between her and the sun, when, this 
angle becoming equal to two right angles, nearly the whole 
disk is illuminated. 

192. The accompanying figure, in which s represents the 
sun, E the earth, and m the moon in its orbit, will exemplify 
the changes above described. We here suppose the moon's 
orbit to coincide with the ecliptic, which is sufficiently correct 
for the general explanation of the phenomenon. If, also, on 
the figures of the lunar disk we draw through their centres 
lines perpendicular to the line s e, the semi-circles thus cut 
off opposite to the sun represent with sufficient exactness the 
oiibographic projections of half the illuminated hemispheres 
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of the moon, since the whole circle of the lunar orbit subtends 
at the sun an angle not amounting to half a degree. Also 
the lines d' (f , c" d", &c., at right angles to the radii vectores, 
E M, E m', cut off semi-circles opposite to the earth represent- 
ing the projections of the hemispheres visible from the earth. 
The inclination of the lines c' ct, c" d", therefore, in any 
position of the moon, to a' b', a" b", will measure the portion 
of the illuminated surface visible from the earth, and 




generally, if we suppose m' (f to set out from its initial position 
M b, where the moon is in conjunction, this angle bears the 
same proportion to two right angles that the illuminated 
disk does to the whole disk of the moon. But it is evident 
from what has been said (the sun*s distance being so great) 
that the lines s^, 'E'Mf are sensibly perpendicular in all cases 
to b' m', (f m', and therefore the illuminated portion is 
measured by the exterior angle l m' e of the triangle e m' s, 
or, as it is called, by the exterior angle of elongation. Now, 
on account of the distance of the moon, we see all the parts 
of her surface orthographically projected on the plane passing 
through her centre, perpendicular to the line joining her 
with the earth. Hence it is the versed sine of this angle that 
measures the illuminated surface which we actually see, 
and this surface will in any case be found equal to moon's 
surface x versed sine of exterior angle of elongation. 

198. If we take the case for which the angle e mJ' s is a 
right angle, or for which the moon is half full or dichotomised, 
then, since the angular distance m^ e s of the sun and moon 
can be measured, it is plain that the proportion of the dis- 
tances E H^ and E s, that is, of the distances of the moon and 
the sun, can be determined. It was in \*ViAa "^^ Hhi^ H^^ 
astronomer Aristarchus, of Samos, mftx^V^xa^e.«vi\»xsa:^^i^^^'*' 

V 8 
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the Christian era, formed an estimate (necessarily incorrect) 
of the relative distances of the sun and moon. 

194. There is one phenomenon more of which we must 
give some account, viz. the libration of the moon. This is 
of three kinds. In the first place, her motion round her 
axis of rotation is in all probahiHty uniform, and is performed 
in the same time as that of her revolution in her orbit. This 
is found to be the case by observations of some of the con- 
spicuous spots on her surface, and hence arises the circum- 
stance that, we always see on the whole the same disk of 
the moon. But since the motion in her orbit is sensibly 
unequal, being sometimes faster and sometimes slower than 
its mean amount, a little more of the eastern and of the 
western limb is at different times in the course of a revolu- 
tion brought into view than would otherwise be the case, 
and this is called the libration in longitude, 

195. The libration in latitude is caused by the axis of 
rotation of the moon being not exactly perpendicular to the 
ecliptic, but inclined to it at an angle of about 1° 80'. On 
this account, in the course of a revolution in the orbit, her 
northern and her southern poles are alternately presented to 
us, and a little more of her northern and her southern sur- 
face is visible to us in the neighbourhood of the poles than 
would otherwise be the case. 

196. There is a third kind of libration called the diurnal libra- 
tion, which arises from the observer's position on the earth's 
surface, instead of at the centre. The moon turns constantly 
the same hemisphere, not towards a point on the surface, 
but towards the centre of the earth. Now, on account of the 
small distance of the moon, the line joining her centre and 
the earth's centre changes its direction with regard to that 
joining her centre and the observer's position on the surface 
as she rises above the horizon. If she were exactly in the 
zenith, these lines would exactly coincide, but, in any other 
position, we see more of the surface near the upper limb 
than we should see from the centre of the earth, and less of 
the neighbourhood of the lower limb, and by a variable 
quantity depending on her altitude and distance, that is, on 
her parallax. 

197. We will finally make a few remarks on the physical 
peculiarities of the surface of the moon, which, on account of 
her proximity, are better known to us than those of any 

>ody. By the use of good telescopes we see her surface 
'''p into irregular patches of light and «h&de) which 
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evidently indicate inequalities of considerable magnitude. 
When the sun's light falls most obliquely on the surface pre- 
sented to us, near the conjunctions for example, we find the 
boundary of light and darkness not to consist of a regular or 
well-defined line, but of a series of jagged luminous points, 
some of which are at a considerable distance from the 
generally illuminated curve. These are plainly the tops of 
mountains that catch the first rays of the sun, while the 
intervening valleys are left in darkness. The heights of some 
of these which have been deduced by ingenious mathematical 
processes from micrometrical observations made of them, are 
very great — in fact, quite equal in that respect to any on the 
surface of the earth. The lunar mountains, which are 
extremely numerous, present every characteristic of volcanic 
formation. They are almost universally of a circular shape, 
and the larger ones have a hollow within their circular 
boundary, terminating in a flat bottom, and in some cases 
having a steep conical hill in the centre. As viewed by 
Lord Eosse's gigantic reflecting telescope, the flat bottom of 
one crater is seen to be strewed with blocks or large stones, 
while the exterior of another is ** hatched over " VTith gullies, 
radiating towards its centre.* 

197*. The science of selenography, or the accurate measure- 
ment and delineation of the mountains, valleys, plains, and 
craters of the moon's surface, has advanced with great rapidity 
during the present century. In the early portion of it, the 
labours of Lohrmann were of importance ; but the publica- 
tion of the large map (accompanied by topographical 
description) of Beer andMadler in 1837, was of itself an epoch 
in this department of astronomy. These will be yet more 
valuable in progress of time, for comparison with the results 
of modern research, in the determination of the question, 
whether any serious changes are at present taking place on 
the surface of the moon. A small crater named JUnne, in 
the Mare Serenitatis, has lately been watched with great 
interest by astronomers, as there seemed reason to believe 
that its appearance had changed considerably since the pub- 
lication of the map before referred to. At the epoch of the 
map, it was a crater of sufficient importance to make it a point 
of reference, while, at the present time, during the greater 
part of every lunation, it is seen only as a patch of light 
rather brighter than the surrounding surface. At the time 

♦ Outlines of ABtrouomy, "g* 15^. 
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when tlie sun is rising or setting upon it, however, the 
walls of the crater are visible, and project shadows. 

198. The moon has never been discovered to have on her 
surface the slightest trace of seas or water of any kind, yet 
there exist large tracts of apparently alluvial formation, indi- 
cating that water must have existed at some previous time. 
Neither has she any clouds or vapours or any other decisive 
indications of an atmosphere. This is proved chiefly by tho 
observations of the occultations of stars and of solar eclipses, 
for the interval of time between the disappearance and re- 
appearance of a star when occulted by the moon, and the 
time taken in transiting the solar disk during an eclipse, is 
evidently not aflfected by such an error as would be produced 
by refraction of the rays in passing near the moon's edge 
through an atmosphere of any sensible density. Neverthe- 
less philosophers are not even now all agreed on the total 
absence of a lunar atmosphere ; it is, however, quite clear 
that if any exist it must be of extreme tenuity, and it is not 
discoverable by any observations which we can make from 
the surface of the earth. 

199. On account of the slow rotation of the moon, making, 
that is, a complete revolution in twenty-nine days, the surface 
is alternately exposed to the heat of the sun unmitigated by 
clouds or vapours for half that period, and during the other 
half to the severest intensity of frost. It is evident from 
these remarkable features of climate, and from the want of 
an atmosphere, that no inhabitants with physical organs 
at all similar to our own would be able to exist on her 
surface. The force of gravity there is also small (only one- 
seventh) compared with that at .the earth's surface, as 
determined by her mass deduced ^1a very elaborate mathe- 
matical discussions of her effect in producing lunar nutation 
by acting on the protuberant matter at the earth's equator ; 
but all the circumstances combined seem to show that 
nothing like animal life exists there. She gives light to us, 
and fills our hearts with gratitude to the Giver of all good, 
for His mercy in thus providing for our comfort and our safety, 
while a nearer inspection saddens the imaginative mind by 
presenting the image of a wrecked or a bumt-up planet, 
perhaps a monument of vengeance in bygone ages on a guilty 
world, and awaiting the Almighty's fiat to become at some 
future period equally distant, again a dwelling-place for other 
organised beings. We cannot close this description of 
^e surface of the moon without bringing to the reader's 
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recollection the well-known exclamation of the pious David, 
which will he repeated with fervour hy those who have 
studied deeply these wonderful hodies, whose motions and 
properties we have heen considering : — " When I consider 
thy heavens, even the works of thy fingers, the moon and 
the stars, which thou hast ordained ; what is man, that 
thou art mindful of him ? and the son of man, that thou 
visitest him ? '' Yet for our henefit the greater light has B)Ben 
given to rule the day, and the lesser light to rule the night. 

200. In connection with the motions of the sun and moon, 
it will be expected that we give some explanation of the 
eclipses of those bodies. This we shall do in few words, 
referring the reader for fuller information to Sir J. Herschel's 
** Outlines of Astronomy," or other popular works, since our 
necessary limitation of space enables us to give only an out- 
line of the leading features and principles of astronomy, 
without dwelling much on the details of the casual pheno- 
mena resulting from the motions of the heavenly bodies. 

201. Since the inclination of the lunar orbit to the ecliptic 
is small (only 5°), and since there are more than twelve con- 
junctions and twelve oppositions of the moon with the sun in 
the course of every year, it follows that there is a very great 
probability of the sun, the earth, and the moon being so 
nearly in a straight line at some of these times of conjunc- 
tion or opposition as to produce an eclipse of the sun or 
the moon. If this should take place when the moon is in 
conjunction with the sun (that is, at new moon), it is plain 
that she will pass directly between us and that luminary, 
and prevent either the whole or part of his light from reach- 
ing us, or there will be an eclipse of the sun. But since by 
parallax she is depressed on the visible sphere of the heavens 
by a large quantity depending upon the geographical latitude, 
while the place of the sun, on account of his great distance, 
is in a very trifling degree affected, it is plain that an eclipse 
of the sun may take place at one point of the earth's surface, 
while there is no eclipse at all at another, or it may be total 
or annular at one place, and only partial at another. Thus 
the great eclipse of 1861 was total for parts of Sweden, 
Norway, Prussia, and Poland, while at Greenwich it was only 
partial. Now, for finding the circumstances of a solar eclipse, 
that is, for determining whether it will be total or annular, and 
for finding those parts of the earth's surface at which it will 
be total or annular, and at which it will b^ otX-^ ^^j):e\jiS5is.^*^N^. 
necessary to remark, that the eone '^Yii^^ ^q,\\^ terKM^^-^*^ 
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stin and moon at the time of a solar eclipse, that is, which 
would be formed by a series of tangents to their surfaces, 
has its apex situated very nearly at tiie distance of the earth 
from the sun, being carried a little farther ofif, or a little 
nearer, accordingly as the moon happens to be nearer to or 
farther from the earth, or near perigee or apogee. If the 
moon be in or near to perigee, the apex of the cone will lie 
farther from the sun than the earth is, as in fig. 1, where s, m. 

Fig. 1. 

^3^ " O r 

and T represent the sun, moon, and earth; and the part 
of the earth's surface intersected by the cone during the 
progress of the moon across the sun*s disk, gives the geo- 
graphical boundaries of the eclipse, within which a total 
eclipse may take place, and near the centre of which it must 
take place. 

202. If, however, at the time of the eclipse the moon be 
near apogee, the apex of the cone will lie between the sun 
and the earth as in fig. 2, and the sheet of the cone pro- 
duced will meet the earth's surface, as at a, b. Hence a 

Fig. 2. 




person at a will see the upper part of the sun, but the moon's 
lower limb will appear to graze the sun's lower limb ; while 
an observer at b will see the lower part of the sun, while the 
moon's upper limb appears to graze that of the sun. Between 
a and b an observer will see a little of the upper and lower 
limbs, or the eclipse will be annular. 

208. Thus far we have spoken of annular and total solar 
eclipses, which occur when the moon is very near the node 
of her orbit at the time of conjunction. If she be at a 
greater distance from the node, a partial eclipse will take 
place at some parts of the e'arth's surface, while none at all 
may take place at others. The sun may also at the time of 
an eclipse be beneath the horizon, or it may occur during 

J2^M, and mil, of course, to such places bo invisible. 
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204. If the moon be near her node at opposition (or fall 
moon) a lunar eclipse may take place by the interposition of 
the earth preventing the light of the sun from reaching her. 
Hence the cone used in illastration must be supposed to 
envelop the snn and earth, and the position of the moon with 
regard to its axis in passing across the shadow thus thrown 
npon her will determine whether the eclipse is total or 
partial. If she be very near her node at the time of opposi- 
tion, a total eclipse wiU take place equally to every part of 
the earth's surface at which she is above the horizon ; but if 
she be at some distance from the node, a partial eclipse or 
none at all will take place. 

rig. 3. 




If in fig. 8 we draw tangents on the same and opposite 
sides of the earth's surface (t) from the sun (s), viz., a c,a d, 
and b dy b c, it is plain that between a c and b d no light 
of the sun can extend, but that between a c and b c pro- 
duced, as also between b d produced and a d produced, part 
of the light of the sun can reach, and a penumbra will be 
formed during the progress of the moon from m to m"' be- 
tween m' and m", and again between m'" and m"", when her 
surface will be. only obscured, but that from m" to m"', while 
she is in the umbra, or real shadowi the whole or part of her 
surface will bo invisible. 
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ing or diminishing with very variable velocities. If the apsides 
. are in syzygy, the excentricity is at its greatest value, and 
stationary ; if, on the contrary, the apsides be in quadratures, 
the excentricity has its least value, and is also stationary ; 
finally, it diminishes while the sun is moving from the 
syzygy position of the apse till it is at right angles to the 
line of apsides ; and it increases from this position till the 
apse is in syzygy again. Hence, since the equation of the 
centre depends on the excentricity, there will be an inequality 
introduced depending on the moon's mean anomaly, as well 
as on her distance from syzygy. This is the evection, the 
largest of the lunar inequalities, and it has for its argument, 
as has been stated, twice the difference of the longitude of 
the moon and sun minus the moon's mean anomaly. We 
have no space to go through the whole of the reasoning for 
the explanation of all the inequalities, and, indeed, the reader 
will find them all admirably discussed in Airy's " Gravitation," 
forming one of the articles in the ** Penny Cyclopaedia," but 
reprinted in a separate volume. We will simply mention in 
few words the conclusions arrived at with regard to the three 
great inequahties, the evection, the variation, and the annual 
equation. The former, that is, the evection, is dependent upon 
the position of the line of apsides, and is derived from two 
effects of the sun's disturbing action, viz., the irregularity of 
the motion of the perigee, and the periodical alteration of the 
. excentricity of the orbit : the variation arises from the action 
of the tangential force, which forces the orbit, supposed 
circular, into an oval shape, and alternately diminishes and 
increases the velocity; it depends, therefore, upon the 
distance of the moon from the syzygies ; finally, the annual 
equation arises from the excentricity of the earth's orbit, which 
causes the sun's distance to vary, and the disturbing force 
in consequence to vary, at different periods of the year ; its 
period is therefore annual, and hence its name. 

We have shown the form in which the evection is intro- 
duced into calculation. 

The variation amounts at its maximum to about 85' 41"'6, 
and has for its argument the sine of twice the difference of 
longitude of the sun and moon. It was discovered by Tycho 
Brahe about the year 1590. 

The annual equation amounts at its maximum to 11' 11"'97, 
and has for argument the sine of the sun's mean anomaly. 
It was also discovered by Tycho Brahe about the year 
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190. For computation of the moon'u true longitude, we 
have then, neglecting minor inequalities, — 

True longitude = mean longitude 

+ Equation of centre + Evection 
+ Variation + Annual equation, 

which will hecome, if we put e to denote the moon's mean 
longitude at a given epoch, m her mean anomaly, reckoned 
from apogee, and D and O the moon's longitude and the 
sun's — 

True longitude =s e — 6^ 17' 64!H0 x sin. m. 

_lo 20'29"-5 X sin. [2(]> — ©) — m] 
+ 85' 41"-6 X sin. 2 ( D — ©) 
+ 11' ir-97 X sin. Q 

In the preceding discussion of the orbit described by the 
moon round the earth and its irregularities, we have only 
endeavoured to familiarise the student with some of the 
leading features of the lunar theory, as preparatory to the 
complete and philosophical popular explanation which he 
should seek for in the reading of Airy's ** Gravitation." 
In that treatise not only the perturbations of the moon, 
but the planetary perturbations generally, are fully dis- 
cussed, by means of reasonings deduced from the simplest 
principles of mechanics, and without the use of a single 
algebraical expression. It is, therefore, capable of being 
studied by any one possessed of ordinary abilities, and should 
be neglected by no student who aims at a clear conception 
of those complicated laws of planetary movement arising 
from their mutual perturbations, which he will afterwards 
have to develop to their remotest consequences by the most 
refined and difficult processes of analysis. 

191. We will now proceed to a much easier and more 
obvious subject, viz., the phases of the moon. In watching 
the moon through a lunation, we not only observe a rapid 
orbital motion from west to east amongst the stars, but 
(evidently in connection with this orbital motion) a change 
of figure and magnitude of the illuminated portion of the 
disk. For example, after missing her light for several 
evenings, we observe her at a short distance following the 
sun in the form of a thin crescent, with its convexity turned 
towards him. From evening to evening, as she separates 
from the sun by her relative easterly motion, the creac^xvi 
increases in magnitude, till the "\mft ^o\3Kai^ SJiift Vqtbs&i Ssa. 
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activity of the present age, and particularly of the attention 
which has been devoted to Astronomy, the nnmber known 
at present is two hundred and thirty-three. Of these addi- 
tional planets, four were discovered about the beginning oi 
the present century, two hundred and twenty-two since the 
year 1844, of which all but one, like the four just mentioned, 
lie between the orbits of Mars and Jupiter, and are of much 
smaller size than the rest ; the remaining one is the planet 
Neptune, exterior to all the rest, whose discovery is one of 
the greatest intellectual triumphs of our age. 

209. Before the discovery of Neptune, which will be 
treated of a few pages farther on, the mean distances of the 
planets from the sun were observed to obey a very curious 
empirical law (called Bode*s law, that astronomer having first 
noticed it), which maybe thus expressed. Call the distance 
of Mercury 4, then that of Yenus is 4 + 3 = 7 ; that of the 
Earth is 4 + (3 X 2) = 10 ; that of Mars = 4 + (3 x 
2 X 2) = 16 ; that of the small planets = 4 + (3 X 
2 X 2 X 2) = 28; and so on, the distance of Uranus 
being 196. But, for the next planet, the distance thus com- 
puted would be 888, which, the reader will perceive by 
inspection of the table which follows, is considerably too 
great. Now, in the calculations made by Adams and 
Le Verrier previously to the discovery of Neptune, it was 
absolutely necessary to assume arbitrary values for the 
mean distance of the supposed disturbing planet, and there 
was no clue whatever to guide these mathematicians in their 
assumption, except that afforded by Bode*s law. It thus 
happened that several sets of calculations were found neces- 
sary, the assumed value being continually lessened, before 
the conditions of disturbance were satisfied, and even at the 
last the distance finally assumed proved to be too large. It 
is therefore an even question, whether the law was of any 
service in the calculations or not, but at all events it formed 
a kind of basis for the commencement of the work, and the 
errors of the assumptions were necessarily capable of conec- 
tion by the processes employed. 

210. It will be convenient to give here a table of the 
periods, comparative distances, and some jof the orbital 
elements of the principal planets of the solar system. 
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TABLE OF THE NAMES, S7BIB0LS, PERIODS, COMPABATIYE DIS- 
TANCES, AND SOME ORBITAL ELEMENTS OF THE 

PRINCIPAL PLANETS. 



Planet. 


Sym- 
bol. 


Mercury . 


9 


Venus 


? 


Earth 


© 


Mars . . 


i 


Jupiter . 


% 


Saturn • 


h 


Uranus . 


W 


Neptune . 


^ 



Period. 



Days. 

87-969 

224-701 

865-256 

686-980 

4882-588 

10759-286 

80688-890 

60181-118 



Comparative 

MeanDiatanoe 

from the Bun. 



Eccentricity 

of 

Orbit. 



0-88710 
0-72888 
1-00000 
1-52869 
6-20280 
9-58886 
19-18388 
80-06487 



0-20660 
0-00684 
0-01677 
0-09826 
0-04825 
0-05607 
0-04686 
0-00899 



Inclination 

of Orbit 
to Ecliptic. 



7. 0. 8 
8.28.85 
0. 0. 
1.61. 2 
1.18.41 
2.29.40 
0.46.21 



1.46.59 



It has been concluded from theory that there is a planet 
(perhaps more than one) revolving round the Sun within the 
orbit of Mercury ; and it has even been supposed that one or 
more such bodies have been seen. Indeed the name Vulcan 
has been proposed for one believed to have been observed 
on a particular occasion ; but it was somewhat premature 
thus to name a body the existence of which (still less any of 
the circumstances of its motion) cannot be said to have been 
proved. 

At mean distances from the Sun greater than that of Mars 
and less than that of Jupiter, revolve a large group of very 
small planets, of which there are now known to be 225 
members, and probably the actual number is much greater. 
Four of these were discovered early in the century ; 81 be- 
tween the years 1846 and 1865 ; 62 from 1866 to 1875 ; 
and 62 more from 1876 to 1880. In 1881 only 1 was dis- 
covered ; in 1882 up to the time we write (May 9th), 5. 
These last six have not yet been named. 



I ■ 
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When the first edition of this book was written, in 1851, 
only fifteen members of the large group of small planets were 
known to exist. So rapid has the progress of discovery since 
been that, as has been already stated, no fewer than two 
hundred and twenty-five are at present known, and as we 
have said, the probability is that the actual number is much 
greater even than that. 

211. Those planets which move in orbits nearer the sun 
than that of the earth are called inferior planets, while 
those moving beyond the earth's orbit are called superior 
planets. And we propose, before giving an account of each 
separate planet, to explain their apparent motions in the 
heavens, as seen from the earth, and afterwards to show by 
what means their real motions round the sun can be deduced 
from observation, and the elements of their orbits calculated. 

212. We commence with the inferior planets, and we will 
take Venus as our example, this planet being familiar to all 
our readers as the most beautiful object in the heavens next 
to the moon. When the light is fading on a fine evening 
we see her shining in the west with a light incomparably 
superior to that of any of the other planets, and for some 
time she seems to retain a fixed position in the heavens. Her 
brilliancy increases as she approaches the sun, that is, as 
she appears on each successive evening at sunset nearer to 
the horizon, till she becomes lost in the sun's rays, and is 
missed for a time. After this, if any of our readers would 
take the trouble to rise before the sun, they would see her 
shining with the same brilliancy in the east, and on succes- 
sive mornings would find her at a still greater distance, and 
rapidly separating from the sun. After a considerable time 
she would be found to become stationary again, and then, 
decreasing in brilliancy, to move in the contrary direction to 
meet the sun again, and, after a time, she would be for the 
second time lost in his rays. We will now illustrate, by 
means of a diagram, these oscillating motions, and show how 
they are natural geometrical consequences of her motion in 
an orbit smaller than that of the earth. 

In the annexed figure let the inner circle represent the 
orbit of Yenus ; the middle one that of the earth ; and the 
outer one the circle of the heavens. The directions of the 
arrows represent the directions of orbital motion round 
the sun, and of direct motion (that is, motion in the order of 
the signs of the zodiac) in the heavens. 
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Lnagine Veiina to come from v, moving in the direction 
V a b c d, "while the earth is moving from y in the direction 
y A B D. When Venns is at v she will be seen projected 
on the heavena at v, and -when she is at a (the eaith being 
at a), she -will appear at l, having appeared to describe the 
direct arc v l. At a, however, she is moving in the direc- 
tion of the line joining her and the earth — this position 
is called her point of greatest elongation from the sun, 
and some time after arriving at this point she will become 
stationary. The atationary point is determined by the 
conBideration that the resolved parts of the motions of the 




planet and the earth perpendicular to the line joining them 
must be eqnal. But tuTter this, whUe she is still approaching 
the earth, and therefore becoming more brilliant, if vre take 
a b, A B, for arcs described by her and the earth in equal 
times, a b being considerably larger than a b, she vrill be 
seen at u, having appeared to retrograde throngh the arc l u. 
AU this time she is to the east of the san, or is visible in the 
evening, bnt after a time her motion will gain upon the earth's 
motion, till, arriving at x, she will pass the meridian at the 
same time as the snn, or be in inferior conjunction, and 
nearest the earth : she then passes to the other side of the 
son and becomes a morning planet, and separates from him 
rapidly tUl she comes to d, before which she is again sta- 
tionary; after this she proceeds towards superior cotyunction 
with the sun, when she is athei I8^ttillee^. aiaXaaKa ^o"oi. "iiiisi 
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earth. The cycle of changes is then renewed in the same 
order. 

218. It is evident from what has heen said above, that 
Venus, as seen from the earth, never separates very far from 
the sun, but describes small arcs in the heavens, sometimes 
going a certain distance to the east and sometimes to the 
west of him. If the earth were quite stationary, this angle 
would be determined by drawing tangents from it to her orbit, 
but the earth*s motion modifies the apparent separation, and 
she sometimes passes the meridian earlier than nine o'clock 
in the morning, and sometimes later than three in the after- 
noon, the equation of time conspiring to make the angular 
separation measured in time appear greater than it really is. 

214. The apparent motions of the superior planets are 
different from those of the inferior, but admit of an equally 
simple explanation. If we were to map down the projected 
motions of any one of them, Jupiter for example, from year 
to year, we should find the projected path to be something 




like that represented in the figure, where a straight line 
represents the projection of the ecliptic. The motion wpuld 
appear to be direct through a b, stationary at b, retrograde 
through B 0, then stationary at o, and then again direct 
through D, crossing the ecliptic at n, and so on. It would 
appear, in fact, to describe a zigzag path very little inclined to 
the ecliptie, sometimes retreating and sometimes advancing, 
but on the whole gaining in direct motion. At certain times, 
for instance, we should find it in opposition with the sun, 
that is, the sun and planet would be on the opposite side to 
the earth, the three being nearly in a straight line ; and at 
such times the geocentric and heliocentric longitudes (that is, 
the positions with regard to the first point of Aries measured 
from the centre of the earth and the centre of the sun) are 
the same. The observed arcs therefore obtained by com- 
paring the observations made at successive oppositions will 
give the real advance of the planet in its orbit, notwithstand- 
ing its interme^mie retrogradations. 
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215. We will naw see how these motions are explained OQ 

the supposition of Jupiter describing an orbit exterior to that 
of the earth. lUustrating by a diagram, ae before, lot the 
inner circle represent the orbit of the earth, the middle one 
that of Japiter (the disproportion of the orbits is, for con- 
venience, not adequately represented), and the outer one a 
section of the sphere of the heavens. 

Let the earth and planet be at the same time at a and a, 
and, 1711110 the earth describes the arc a b, let the planet 
describe a b ; the places of the planet will then be referred 
to the points l and u. It will therefore have appeared to 
describe the arc l u in the order of tiie signs, or with direct 
motion, and in this time it will have passed conjunction with 
the snn at some intermediate position, a'. Hence on either 
Bide of conjunction the apparent motion of a superior planet 




is direct. Let now c and o be positions of the earth and 
planet when o c ia a tangent to the earth's orbit, the planet 
will evidently then appear stationary soon after passing n ; 
bat, after arcs cd, ao, have been described by the earth and 
planet, the latter will be referred to the point o, having 
appeared to move backwards or to retrograde through h o. 
It will then become in opposition with the sun (that is, the 
planet and sun will be on opposite sides of th.«> ena^h. ^^^ 
interval of 180° of geocentric \oiigilu4ft^,wB5L"^Si. <;,w&s>ss 
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to retrograde till it arrives nearly at e, the earth being at e, 
where the line joining it and the earth is again a tangent to 
the earth's orbit, before passing which point it is again 
stationary. It will then begin to move directly, or according 
to the order of the signs, and so on for another revolution of 
the earth. 

216. From the above considerations we derive the fol- 
lowing rule :— 

The inferior planets retrograde before and after inferior con- 
junction, and move directly in the rest of their orbits: the 
superior planets move directly before and after conjunction, and 
retrograde before and after opposition, 

217. We will now show how the places of the planets as 
referred to the sun can be obtained from the geocentric 
observations. 

We must again remind the reader, that the observations 
made with the fixed instruments of an observatory are those 
of Eight Ascension and North Polar distance, and that these 
observations, before they can be used, require correction for 
refraction, parallax, aberration, and the motion of the 
equinox. They may then be considered as made at the 
earth's centre, and referred to a fixed equinox and a fixed 
equator. Now the position of the ecliptic with regard to the 
equator is known with the utmost accuracy, being derived 
from observations of the sun made near the equinoxes and 
solstices. At this present time, for example, the mean value 
of the obliquity is nearly 2d° 27^, and has a small secular 
diminution amounting to 0"'457 per year. It is then easy to 
reduce to the ecliptic the observed positions of the body re- 
ferred to the equator, that is, to convert the observed Eight 
Ascensions and North Polar distances to geocentric longitudes 
and ecliptic polar distances, or to geocentric longitudes and 
latitudes. 

Thus, if T A and 

<r B be portions of the 

equator and ecliptic, and 

p the position of a planet, 

then, if perpendicular arcs 

p M, p N be drawn to the 

two planes, t m and p m 

will be the Eight Ascension 

and declination, and t n and p n the geocentric longitude 

and latitude of the planet, and it is a very easy problem in 

Bpberical tngonometry to deduce the latter in terms of the 
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former, and of the known obliquity n t m. We have then 
the place of the body referred to tha plane in whioh the 
relative motions of the earth and snn are performed ; and 
the next process is to deduce the heliocentric longitude and 
latitude from the geocentric, that is, to refer the body's place 
to the sun, which is its proper centre, instead of the earth. 

218. Let s, E, and p be the position of the sun, the earth, 
and a planet at a given time when the geocentric place of th 
latter is known ; draw s T» b HT towards the vernal equinox, 
parallel to each other in the plane of the ecliptic, and p m 
perpendicular to the plane, and join s m, e m ; then the 




angles m e Y^ and m s T will represent the geocentric and 
heliocentric longitudes, and p e m and p s m the correspond- 
ing latitudes. Also the geocentric co-ordinates, that is, the 
latitudes and longitudes as seen from the earth's centre, 
being found from observations, the heliocentric longitude and 
latitude, and the distance of the planet from the earth, can 
easily be expressed in terms of them, and of the known dis- 
tance of the earth from the sun, and earth's longitude. 

219. We have before had occasion, in treating of the solar 
motion, to mention the elements of a planet's orbit, but we 
will proceed now to speak of them more particularly. 

It is plain that the position of the planet (to whatever 
points or planes we may refer it) will depend — 

First, upon the position of the plane in which it performs 
its orbit. 

Secondly, Upon the magnitude, figure, and position of 
the ellipse which it describes in this plane. 

Thirdly, Upon its position in the circumference of this 
ellipse. 

Now, referring, as usual, everjrthing to the plasvA c>i ^2c^A 
ecliptic, the position of the plane oi tixQ ottiv\i "^^rCCiXi^ \<5&x\fc^ 
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by tho longitudes of the points or nodes where it meets the 
ecliptic, and by its angle of inclination to the ecliptic : the 
position of the major axis or lines of apsides of the ellipse 
will be defined by the longitude of the perihelion or aphelion : 
the magnitude and form of the ellipse will be defined by the 
semi-major axis, or mean distance as it is called, and by the 
excentricity or ratio which half the difference of the greatest 
and least distances bears to the mean distance ; and, finaUy, 
the place of the planet in the ellipse will be known by 
means of its known position or longitude at some given 
time or epoch, generally called, for brevity, the epoch of 
longitude. 

Hence the six quantities or elements which determine a 
planet's position are : — ^the longitude of the node, and the 
inclination of the orbit to the ecliptic, the longitude of the 
perihelio7i or aphelion, the mean distance, and the excentricity 
of the orbit, and finally, the epoch of mean longitude. To these 
may be added the argument of latitude, or the angular dis- 
tance of the planet from its node, measured along the orbit, 
which can be computed immediately from the node and in- 
clination. 

220. The way in which these elements must be treated 
differs considerably for the old or well-known, and for newly- 
discovered planets. For the former, i.e. Mercury, Venus, 
Mars, Jupiter, and Saturn, which were known and observed 
in ancient times, their elements were found and repeatedly 
corrected by observations made at long intervals of time, and 
by taking advantage of such circumstances of their motion as 
were most favourable for the discovery of particular elements. 
For example, the mean motion or sidereal period can be 
discovered with very great accuracy by observing the suc- 
cessive passages of the body through its ascending or descend- 
ing node. For by reducing the observed right ascensions 
and declinations to geocentric latitudes and longitudes, it can 
be found when the latitude is about to become nothing, or the 
body is about to cross the ecliptic, and, by observations 
made before and after this period, the exact moment at which 
it was in the node can be found by simple proportion, its 
motion in latitude being at this time nearly uniform for 
short intervals. Hence the longitudes of the ascending and 
descending node will be known also. The inclination of 
the orbit to the ecliptic can also be found by observing 
when the latitude arrives at its maximum. We have also 
shown bow the eohr parallax has been accurately determined. 
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and this, in connection with Kepler's Third Law, gives at 
once the dimensions of all the orbits, when the periods of 
revolution are known. 

Now, by the geometrical relations existing between the 
geocentric and heliocentric latitudes, longitudes, &c., in the 
preceding figure, we can with great ease express the argument 
of latitude in terms of the longitude of the node and the 
inclination, and of the geocentric longitudes of the planet 
and the sun ; secondly, the distance of the planet from the 
earth can be expressed in terms of the sun's distance from 
the earth, the argument of latitude, and some of the above 
elements ; and lastly, the radius vector of the planet, or dis- 
tance from the sun, can be found in terms of previously 
known quantities, as also can the heliocentric longitude and 
latitude. By such means a series of observed distances from 
the sun in the elliptic orbit will be obtained, and by assuming 
an ellipse of a certain excentricity, and with a certain longi- 
tude of the perihelion which shall nearly represent all the 
distances, an approximation will be made to the remaining 
elements. These elements will then be corrected by com- 
puting the heliocentric places of the planet corresponding to 
the times of other observations, and comparing them with 
the heliocentric places deduced from geocentric observations 
in connection with the assumed elements. Equations of con- 
dition will then be obtained for determining the errors of the 
assumed elements to any degree of accuracy. 

221. For unknown planets, every geocentric observation 
will, by a somewhat similar treatment, give two equations 
subsisting between the known geocentric quantities and the 
symbols expressing the elements. Hence three observations 
will give six equations, sufficient for determining the six 
elements of the orbit. Thus, in the greater number of 
instances of the recent discoveries of the small planets 
between Mars and Jupiter, no sooner were three complete 
observations announced than one or more of the zealous 
and able astronomers attached to the various observatories 
in Europe or America have immediately furnished elements 
of the orbit, and epheinerides, that is, tables of daily right 
ascensions, and declinations computed from the elements 
thus found, for the use of astonomers who might wish to 
follow the planet and make more numerous observations of 
its position. 

We cannot expend more space \ipoii \\i\a x^^^Jsiet ^iaS^c^^ 
subject, and we must devote the xemwii^eT oi VJtaA.^ Oa».^V»^^^^ 

g2 
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the principal peculiarities of the separate planets of the solar 
system. 

222. The planet Mercuby is too near to the sun to allow 
us to make any very accurate observations of the shape and 
other peculiarities of its surface. It has certainly no con- 
siderable ellipticity, that is, it is very nearly round, as the 
author has ascertained by micrometrical measurement. Its 
apparent diameter varies from 5'^ to 12", and its real diameter 
is about 2,990 miles. From doubtful observations of some 
spots on its surface it is supposed to revolve on its axis in 
about the same period as the earth, and in the same direction. 
Its mass is rather less than one-twelfth part of the earth, and 
its mean density is rather greater than that of the earth. 
The force of gravity at its surface is about one-eighth of that 
at the surface of the earth. It exhibits phases like the moon, 
and from a similar cause. The excentricity of its orbit is 
large, being about 0*205, and the inclination is also large, 
being 7®. Its excursions on each side of the sun do not 
much exceed 18^. Supposing all our heat to come from the 
sun, it is calculated that the mean heat in Mercmy is above 
that of boiling quicksilver, and even near his poles water 
would always boil. The sun's diameter would appear from 
his surface more than twice as large as from the esurth. 

223. Venus is a far more interesting planet, and, on 
account of her greater distance from the sun, admits of more 
frequent and accurate observation. Her light in a telescope 
is, however, so dazzling and brilliant, that, by exaggerating 
all the defects of the telescope, physical observations of the 
surface are difficult. By means of the rotation of spots im- 
perfectly seen on her surface by the German astronomer 
Schroeter, the time of rotation on her axis is imagined to be 
rather less than that of the earth, and also from west to east. 
The phases, which are exactly similar to the moon's, only 
with much longer periods, are very interesting when Wed 
through a telescope, and her brightness is such as to render 
her occasionally visible at mid- day with the naked eye (as 
was the case in the year 1868), when her position with 
respect to proximity to the earth is most favourable. The 
excentricity of the orbit is very small, and the inclination 
does not amount to 8}^ ; her apparent diameter sometimes 
amounts to 1', and her real diameter is about 7»660 miles. 
She seems to be surrounded by an atmosphere which may 
probably mitigate to her inhabitants, if she have any, the 

intense beat of the sun, which yet must be far too great for 
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the esisience of plaots or animala like thoBe existing on the 
earth. Her mass is rather greater, and her density rather 
less, than that of the earth. Hence the force of gravity at 
her snrfaco is ahont the same as on the surface of the earth. 
The reader will not forget the important service rendered to 
astronomers by this planet, is famishing a means of ascer- 
taining the solar parallax, by her transits across the son's disk. 

224. Venna being so near the earth, it might be expected 
that she would prodnce disturbances both in the orbit of onr 
own planet and of its satellite the moon. Snob is, in fact, 
the case. An inequality, having a very long period, in the 
motions of the earth and Venns, was discovered many years 
ago by Airy, and a curious inequality in the lunar orbit, 
arising from the attraction of Venus, was subsequently dis- 
covered by the late Prof. Hanson, of Gotha. 

225. Mars, the nearest of the planets exterior to the earth, 
that is, of the superior planets, offers more points of simi- 
larity than any of the others. The excentricity of the orbit 
is, however, considerably greater, being rather less than ■^. 
The inclination to the ecliptic is 1° 61'. His diameter is about 
4,210 miles ; when in opposition to the sun, that is, nearest 
to the earth, his apparent diameter is about 28" ; and the 
elHpticity, as resulting from eighteen seta of measures made 
by the author with the Oxford heliometer at the opposition 
of 1862, is tV- As, however, the time of rotation is very 
nearly the same as that of the earth, whose ellipticity is only 




jJs, this result seems to require additional confirmation, 
thoogh the correctness of the measui^es appears to be un- 
questionable. The disk is so well seen through good tele- 
scopes, that rude, maps of his surface have been drawn, in 
which something like a vague delineation of saaa wii -wsviiv- 
nents is exhibited. The ooLout oi ttie iasYeeX ^k^Ss- '^'«^ ^ 
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a brownish red, and near the poles is a zone of white, indi- 
cating the existence of snow in large quantities. Li the 
accompanying engi^ving the distinctness of the white spot 
near the south pole is exaggerated, but it was very marked 
when the drawing was made. His climate must be con- 
siderably colder than our own, but, as the inclination of his 
axis to the ecliptic is nearly the same as that of the earth, 
and the period of diurnal rotation (24^ 37°*) only a trifle 
larger, the changes of the seasons must, in many respects, be 
very similar to those here. His mass is about i part of that 
of the earth, and his density a little smaller. The force of 
gravity at his surface is about f of that at the surface of the 
earth. He appears to be surrounded by an atmosphere of 
considerable density. In the year 1877 it was discovered 
by Prof. Asaph Hall, of Washington, that this planet is 
accompanied by two very small satellites, which he after- 
wards named Deimos and Phobos respectively. 

226. Of the small planets between Mars and Jupiter wo 
know very little, except their orbital motions. Some of 
them are exceedingly minute, their surfaces being not much 
larger than a large estate. The brightest is Vesta, which 
appears when nearest to us like a star of the sixth magni- 
tude; the others vary generally from the 7th to the 18th 
magnitudes, according to their distance. The discovery of 
the earlier ones had its origin in a curious speculation, arising 
from the failure of Bode's law between the orbits of Mars 
and Jupiter, which led to the idea of a large planet having 
been shattered to pieces. An Association of Astronomers 
was formed therefore to search in the most likely parts of the 
heavens for the supposed fragments, and not long afterwards 
four small planets were discovered, viz. Ceres, Pallas, Juno, 
and Vesta, the first being found on the very first day of the 
present century, (January 1, 1801), and the last on March 
29, 1807. It was not until 1845 that the next, viz. Astraaa, 
was discovered by the late Herr Hencke, of Driesen, in 
Prussia, who also discovered Hebe, in 1847. Mr. Hind dis- 
covered Iris and Flora later in the latter year, and Mr. 
Graham, Metis, in 1848. From that time no year has elapsed 
without the discovery of at least one, and in the year 1879 
no less than twenty were discovered. As has been already 
mentioned, the number of known bodies of this class now 
amounts to two hundred and twenty-five. 

When the orbits of all of them are known with greater 
accur&ey, a projection of them will show better whether the 
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original idea of the explosion of a large planet is tenable or 
not. Astronomers at present are rather divided in opinion 
on this subject, though the investigations which have been 
hitherto made are on the whole unfavourable to the theory. 

227. We should not omit to mention, in connection with 
this subject, the zodiacal star-maps constructed by the late 
Dr. Bremiker, of Berlin, in which the positions of all stars 
down to the tenth magnitude within the zodiacal limits are 
represented, as these maps have not only materially assisted 
in the discovery of these small planets, but the planet Neptune 
was by means of them recognised immediately when the tele- 
scope of the large equatorial at Berlin was directed by Dr. 
GaUe towards the position indicated to him by Le Terrier. 
A series of such charts of stars observed by Mr. Bishop and 
Mr. Hind, in the Begent*s Park, has also been published, and 
as a third set we may mention those made by the late 
M. Chacornac, at the Paris Observatory. 

228. The orbits of these small planets differ from those of 
the large planets previously known chiefly in their inclina- 
tions, which are not included within the zodiacal limits, but 
are many of them very large, and this feature renders the 
computation of their perturbations by the large planets very 
intricate and difficult. A method of calculation devised by 
the celebrated astronomer Hansen has, in a great measure, 
conquered this difficulty, and considerably extended the 
power of analysis in the computation of the places of the 
planets generally. 

229. JupiTEB, the largest, and in many respects the most 
important, of all the planets, is next in order of distance from 
the sun; the sidereal period is 4882-584 days, and his 
synodic period, that is, the interval between his successive 
conjunctions with the sun, is 398*867 days. The inclination 
of his orbit to the ecliptic is 1*^ 19' nearly, and the excentricity 
is 0*04818. His mean distance from the sun is rather more 
than five times that of the earth. 

280. The shape of this stupendous globe is plainly 
elliptical, even to a casual observer, when viewing him 
through a good telescope, and the ellipticity, as deduced from 
a great number of careful observations made by the author 
at Greenwich and Oxford, is about iV. The time of revolu- 
tion on his axis, as determined by certain spots at times 
visible in his atmosphere, is 9** BB"^ 60*, and the ellipticity 
calculated from this time of rotation, on. tlaj^ «vi::^"^^'«^<5pcL ^ 
the original fluidity of the globe, coixe«^OTi.^'&^x^VK»'^ ^^^-qk^S^iSc^ 
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with the observed ellipticity. The angular mean diameter, 
or axis major of this ellipae, is about 40", which correapoudB 
to a real diameter of about 86,000 miles, nearly eleven times 
the diameter of the earth. The mass is about rttr (that of 
the sua being unity), as determined by Airy from the ob- 



Rcrvod elongations of the fourth sntellite (see page 64) ; that 
is, the mass is upwards of 310 times that of the earth, bat the 
density is not quite one quarterof that of our planet. The force 
of gravity at the Harface is about 2i times Uiat of the earth. 

281, 'J-'he disk of Jupiter is crossed by dark bands, or beUt 
as thoy are generally called, above and below the equator, 
as ia denoted in the figure. These belts Huggeat the idea of, 
and there is little doubt that they owe their origin to, dis- 
turbances in tbo atmosphere surrounding the planet. They 
vary much at different times in breadth and situation, and 
are evidently not of a rigid or permanent character. 

282. Jupiter is attended by four satellites or moons 
revolving round him from west to east, in the same way as 
the moon does round the earth, according to the law of 
gravitation. These satellites suffer eclipses on entering into 
the shadow of Jupiter, and are occulted or hidden when thay 
pass behind his body ; they are also observed to pass ovir 
or to tramit his disk, and at such times their shadows can 
be seen like black spots passing along the disk. On entering 
on the body of the planet, they can be distinctly seen when 
near the border, by their superior brightness, but they are 
lost sight of when approaching the centre : this proves most 
distinctly that the border is ikaded, and indicates an atmo- 
sphere of. some density. The times of the echpses, when 
observed at different places on the earth's surface, determine 
directly the difference of longitude of the places, since they 
mast occur at the same moment of absolute time, the observa- 
tiot^ being given in terms of local time. It was also by 
means of eclipses of the satellites at times when Jupiter was 

at very diSereui distances from the earth that Komer dis- 



TUE SATELLITES OF JUPITER. 129 

covered the successive propagation of light, and determined 
its velocity. 

283. To an observer on Jupiter, the first satellite would 
appear rather larger than our moon, the second rather more 
than half as large, the third rather larger than the second, 
and the fourth not half so large. Their actual diameters are 
about 2,800, 2,200, 8,700, and 8,250 miles respectively. 

284. The mean motions and times of revolution of the 
first three satellites are connected by a singular law ; viz., 
that the angular velocity of the first added to twice that of 
the third is equal to three times the angular velocity of the 
second. And hence we might easily prove that if ''from 
the mean longitude of the first added to twice that of the 
third there be subtracted three times the mean longitude of 
the second, the remainder will be a constant angle." This 
constant angle is found to be equal to 180^. 

285. The above remarkable relation between the mean 
motions of the satellites leads to this interesting result, viz., 
that they cannot all be eclipsed at the same time ; that is, 
that even in extreme cases Jupiter will never be deprived of 
the light of all his moons at once. We need do no more 
than indicate to the reader, without further remark, this 
proof of beneficent wisdom, 

236. The first three satellites move very nearly in the 
plane of Jupiter's equator, in orbits very nearly circular. 
The inclination of the fourth to the equator is about S'", and 
its excentricity is large. In consequence, when the fourth 
satellite is seen to pass across Jupiter's body or behind it, 
the apparent path is frequently very far from the centre. 
Indeed it occasionally happens (and the author of this little 
book had opportunity of watching one such transit) that the 
satellite merely grazes the upper part of the disk, so as never 
to cease to be at least partially visible during the whole time."^ 

237. The mass of Jupiter being so great, it might be 
naturally expected that his influence would be considerable 
in disturbing the other planets, and this is really the case. 
But the most curious ch-cumstance in the disturbances pro- 
duced by him is the reciprocal efiect produced in the motions 
of himself and Saturn, his neighbour in the heavens, and 
almost rivalling him in bulk. An equation or disturbance, 
having a very long period of about 918 years, is produced 
by the mutual actions of these immense bodies, of such 

♦ See Greenwich OUervaiioiM iox 1^^^,^. \a&- 
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a nature that if one be, by the disturbance, put before its 
mean place, the other will be behind its mean place. At 
present, the motion of Saturn is accelerated by the disturb- 
ance, and that of Jupiter retarded, but in the seventeenth 
century the circumstances were reversed, and Saturn was 
retarded, while Jupiter was accelerated. This inequality, 
known by the name of << the great inequality of Jupiter and 
Saturn," is of such a magnitude as at its maximum to 
advance or retard Saturn by about 0^ 49' in longitude, and 
to retard or advance Jupiter by about 0** 21'. We have not 
space, nor does it fall within our plan, to trace the physical 
cause of this remarkable effect of disturbing action, but the 
reader may be assured that a general explanation can be 
given in much the same way that has been used for the 
inequalities of the moon. The more advanced reader may 
consult Sir J. Herschel's ** Outlines of Astronomy." 

238. The next planet is Satubn, not inferior in general 
interest to Jupiter, and of equal importance in the planetary 
theory. His most remarkable appendage is a luminous ring, 
by which he is generally seen to be surrounded. This ring 
is opaque, as is proved by the shadow of it which is thrown 
on the body of the planet, and there is little doubt now that 
it is in fact composed of a cloud of little satellites too small 
to be separately seen in the telescope, and too close together 
to admit of the intervals between them being visible. By 
its parallelism with the belts with which Saturn as well as 
Jupiter is striped, it appears that the axis of rotation of the 
planet is perpendicular to the plane of the ring, and observa- 
tions of spots on the surface of the planet give for the time 
of his rotation about 10^ 15™. The ring, till lately, was 
known to be divided into two distinct portions, separated by a 
dark interval easily seen in good telescopes, but recently a 
discovery has been made of the existence of a third ring in- 
side the other two. This last, which requires the best state 
of the atmosphere and a very good telescope, as well as an 
experienced observer, to be rendered visible, reflects light so 
imperfectly that its existence was not known till the month of 
November, 1850, when the late Mr. G. P. Bond, of the Cam- 
bridge Observatory, Massachusetts, detected a luminous ap- 
pearance which subsequent observations by himself and his 
father showed to be due to this interior dusky ring. Before in- 
telligence of this reached England, that acute observer, the 
late Mr. Dawes, noticed a similar appearance at Watering- 
hnrj^, near Maidstone. It should be remarked that so far back as 
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18S8, Dr. GaU6 had noUoed s gndnal Bbading off of the ring 
towards the ball, and indeed Uiere is reason to believe that 
Bometbing of the kind had been seen by observers in the 
early part of the eighteenth century. 

289. The annexed fignre is copied from a drawing made 
by Mr. Dawes of the appearance of Salom after the existence 
of tbe inner ring had been well asoertained, and, besides 
exhibiting the Bemi-refleotiTe ring which it was prinoipally 
intended to show, exhibits also a dehcate snb-diviBion of 
the outer ring, visible only near the extremitiea. It had 




been previously suspected by astroDomers that tbe outer 
ring bad at least one anb-division, bnt the matter seems now 
by this evidence to be put beyond the reach of donbt. 

Tbe foUowing is Hr. Lassell's description of the appear- 
ance of the dusky ring as be saw it on December 8rd, when 
on a visit to Mr. Dawes :— 

" After surveying the planet for some time, I was struck 
with a remarkable phenomenon, which I shoU proceed, as 
well as I can, to describe. It appeared as if somethicg like 
a crape veil covered a part of the sky within the inner ring. 
This extended itself half-way between what I should have 
formerly considered the inner edge of the inner ring and the 
body of the planet, while there was a darker, ill-defined 
boundary-line separating this crape-like appearance from the 
solid body of the inner ring. There was an exceedingly 
thin line, or shadow, running along the soathern edge of 
tbo northern portion of the ring where it crossed the planet, 
and the line seemed somewhat broader at each end, where it 
.oucbed the limbs of tbe planet. Ur. Dawes had previonsly 

■ See yalwei nf the So^al Mtronomid SoewtK , t«^ i^. -o. 1^.. 
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drawn my attention to the appearance of this line before 
scrutinising the planet." 

240. Satnm is now known to be attended by eight satel- 
lites, to which have been given the mythological names 
Mimas, Enceladas, Tethys, Dione, Bhea, Titan, Hyperion, 
lapetns. These satellites were all of them seen at the same 
time by Mr. Lassell, on the evening of November 21, 1850,* 
with his reflecting telescope, but opportunities seldom occur, 
and several of tiiem require not only telescopes of great 
power, but a very favourable state of the atmosphere to 
render Ihem visible. Of the above, the outermost, lapetus, 
was discovered by Dominic Cassini, in 1671. Its distance 
from the planet is nearly three times as great as that of 
any of the others, and its orbit is considerably inclined to 
the plane of the ring (by 12^). It is also remarkable for 
the diminution of its Hght in certain parts of its orbit, and 
this obscuration occurring constantly on the same side of 
Saturn as seen from the earth, it is proved with tolerable 
certainty that it revolves on its axis in the precise time of 
Its revolution round Saturn. Hyperion, the next satellite, 
reckoning inwards towards the planet, was discovered in the 
month oi September, 1848, almost simultaneously by the 
Bonds at Cambridge Observatory, Massachusetts, and by 
Mr. Lassell at his observatory at Starfleld, near Liverpool, 
and affords another good instance of the rivalry existing 
between the eminent observers of the present time. 

241. Titan is the largest and best known of the satellites, 
and was naturally the first discovered. It was first seen by 
the celebrated Huyghcns in 1655, March 25, and is supposed 
to bo not much inferior in size to the planet Mars. 

242. The remaining satellites are much more difficult to 
observe, especially the two innermost, which just skirt the 
ring, and at the epoch of their discovery in 1789, by Sir 
William Herschel, they were seen to thread like beads the 
almost indefinitely thin fibre of light to which the ring was 
then reduced.! 

243. It is proper to mention that the well-devised mytho- 
logical designations of the satellites are due to Sir J. Herschel, 
and were proposed for the purpose of avoiding the confusion 
arising from the order of discovery not coinciding with the 
order of distance, so that the numerical nomenclature, like 

♦ Sec Notices of the Moyal Astronomical Society ^ vol. xi. p. 19. 
t See " Outlines of Astronomy," p, 336. 
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khat employed for the satellites of Jupiter, was quite insuffi- 
cient to distinguish them.* 

244. Having thus discussed, as fully as our space permits, 
the particulars relating to the ring and satellites of Saturn, 
we will now give in few words the most important facts 
relating to the planet itself. The s^ape is elliptical, with an 
ellipticity of about i, as is proved by measures made by the 
author of this little work at the Royal Observatory, during 
the time of disappearance of the ring in 1848,f and essen- 
tially confirmed by measures made at Oxford in 1862. It 
was thought by Sir William Herschel, and the opinion, till 
recently, had been generally entertained by astronomers since 
his time, that the shape of the planet was oblong, but not 
elliptical, something like a parallelogram with the comers 
rounded oflf. It has, however, been proved by the above 
measures, confirming those made several years since by 
Bessel, that such is not the case, but that the shape is that 
of an exact spheroid of revolution of considerable ellipticity. 

245. The inclination of the orbit of Saturn is 2° SCK nearly, 
and the excentricity 0*0560 ; the mass is 94 times that of 
the earth, the diameter is 70,500 miles, and the force of 
gravity at the surface is about li time that at the surface of 
the earth. The sidereal period is 10759*24 days. The 
diameter of the outer edge of the interior ring is about 
2i times that of the equatorial diameter of the body. 

We will conclude this account of Saturn by an eloquent 
passage from Sir J. Herschel's book, to which we have so 
frequently had occasion to refer. 

** The rings of Saturn must present a magnificent spectacle 
from the regions of the planet which lie above their enlight- 
ened sides, as vast arches spanning the sky from horizon to 
horizon, and holding an almost invariable position among 
the stars. On the other hand, in the regions beneath the 
dark side, a solar eclipse of fifteen years in duration, under 
their shadow, must afibrd (to our ideas) an inhospitable 
asylum to animated beings, ill compensated by the faint lighl 
of the satellites. But we shall do wrong to judge of the 
fitness or unfitness of their condition from what we see 

♦ Sec Sir J. Horschers ** Results of Astronomical Observations made 
at the Cape of Good Hope," p. 415, published in 1847, where the 
nomenclature now in use was first proposed. In the foot-note the 
following remarkable passage occurs : " Should an eighth satellite exist, 
the confusion of the old nomenclature will become quite intolerable/* 

t See Metnoirs of the Royal Astronomical Society^ vol. 'x.nviL. 
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around ns, when, perhaps, the very comhinations which 
convey to our minds only images of horror, may be, in reality, 
theatres of the most striking displays of beneficent con- 
trivance." 

246. The planet Ubanus was discovered by Sir William 
Herschel, on March 18, 1781, in the course of a general 
review of the heavens, being detected by its disk under a 
high magnifying power. At the author's request. Professor 
Challis obligingly measured the planet some years ago, with 
a double-image micrometer attached to the telescope of the 
great Northumberland telescope, for the purpose chiefly of 

^ discovering whether it had any sensible ellipticity, which the 
author suspected from some measures of his own made with 
a far inferior telescope. The result was that the ellipticity 
is too Email to be measurable, and the apparent diameter 
about 4". Its real diameter is about 85,000 miles. 

247. The inclination of its orbit to the ecliptic is very 
small, being only 46^', and the eccentricity only 0'0467. 
The sidereal period is 80688*39 days, or somewhat more 
than eighty-four of our years. 

248. The satellites of Uranus, as might be expected, are 
exceedingly faint objects, and difficult to be observed even 
with very powerful telescopes ; and there exist still consider- 
able doubts respecting their orbits, and even respecting their 
number. Sir William Herschel observed two satellites, 
which are considerably brighter than the rest, about six 
years after the discovery of the planet, and obtained with 
tolerable accuracy their distances and periodic times. Several 
years afterwards he announced the discovery of four other 
satellites in the Philosophical Transactions for 1798, and, in a 
memoir printed in the Philosophical Transactions for 1815, 
he gave the results of his observations to that date. Of the 
six satellites thus presumed to exist, the comparatively 
brighter ones he reckoned to be the second and fourth, 
counting outwards from the planet, and their periods he 
calculated to be about 8* 16^ 56^ and 18* 11^ 9"*. The periods 
of the others, according to his estimations, were approxi- 
mately 5* 21S 10* 28S 88* 2\ and 107* 17^ Now, smce the 
time of Sir William Herschel, the positions of none of the 
four satellites last mentioned have been verified, and Sir 
John Herschel, who bestowed considerable attention on the 
system of Uranus, did not succeed in seeing them, although 
he repeatedly observed the other two brighter ones. 
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The first addition to onr knowledge was made at the close 
of the year 1847, hy Mr. Lassell and M. Otto Struve, the 
former hy means of his reflecting telescope, and the latter 
hy means of the large refractor of the Polkova Ohservatory. 
In the Notice of the Royal Astronomical Society for 1848, 
January 14, is a communication from each of these astro- 
nomers, announcing the discovery of at least one satellite 
additional to the second and fourth of Sir W. Herschel. Mr. 
Lassel, ohserved on several nights a satellite evidently 
nearer the planet than these, and on one occasion he ohserved 
another. The positions of hoth the objects observed by 
him were always on the north side of Uranus. M. Otto 
Struve observed, on the contrary, an object always on the 
south side of the planet, and there was only one day of ob- 
servation common to himself and Mr. Lassell. These obser- 
vations were very elaborately discussed, but it was not 
possible to arrive at any decided conclusion with regard to 
the orbits and periods of the presumed new satellites. But 
towards the end of the year 1851 Mr. Lassell was able to 
announce positively the existence of two satellites, whose 
periods, by observations which admit of no doubt, are about 
2* 12^ and 4^ 8^. The general conclusion then is that Sir 
William Herschel only discovered two satellites, the observa- 
tions from which he thought he had detected four more, 
having been afterwards shown to be in fact observations of 
small stars in the vicinity of the planet ; and that two more 
have subsequently been discovered by Mr. Lassell, the orbits 
of which are interior to those of Herschers. The two dis- 
covered by the latter in 1787 have been named Titania and 
Oberon ; whilst those discovered by Mr. Lassell more than 
sixty years afterwards are called Ariel and Umbriel. The 
most recent discussion of the orbits of the satellites is by 
Prof. Newcomb, and is contained in an appendix to the 
" Washington Observations *' for 1873, founded upon obser- 
vations made with the 26-inch equatorial of the United 
States Naval Observatory. That astronomer finds the 
periods of Ariel, Umbriel, Titania, and Oberon respectively 
to be 2^-62, 4^-14, 8^-71, and 13^-46. 

The satellites move in orbits very different from those of 
all the other planetary systems hitherto treated of, the planes 
being nearly perpendicular to the ecliptic, and their motions 
in their orbits being retrograde. 

249. The mass of Uranus has always been a eixb^^^i^l 
great interest with astronomers, and \a no^ oi tdkvr^ ^^'^iN.'s't 
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on accoant of its action on the newly discovered planet 
Neptune. This element is of very difficult determination 
hy means of the revolutions of the satellites, owing to their 
faintness. The most recent determination is that made in 
1878 by Prof. Newcomb, which gives for the mass aa^as part 
of that of the sun, or rather more than twenty times that of 
the earth. Hence the force of gravity at his surface is 
rather greater than that at the surface of the earth. 

250. The last, and from the circumstances attending its 
discovery, the most interesting planet which we have to 
mention, is Neptune. The discovery is equally due to two 
mathematicians, viz. the late M. Le Yerrier of Paris, and 
Mr. (now Prof.) Adams of our own University of Cambridge. 

It had long been known to astronomers that the observed 
place of the planet Uranus disagreed with its place calculated 
from the well-known elements of its orbit by a very large 
quantity, and that this disagreement was increasing from year 
to year. At the present time, for example, the E. A. cstlcu- 
lated in the ordinary way from the elements differs from the 
observed E. A. by more than 16', an amount of difference far 
exceeding any error in the calculation of its disturbances 
arising from the known planets, or from any failure in the 
theory of its motion generally. The idea of disturbances 
arising from some unknown exterior* planet had been suggested 
long before the error attained this amount, and was the most 
probable solution, but some distinguished astronomers, in 
their uncertainty about the cause, began seriously to ques- 
tion the exact accuracy of the law of gravitation, that is, of 
bodies mutually attracting each other according to the inverse 
square of the distance. At all events, no one had courage 
to attack the problem under this point of view, and to endea- 
vour to find the intruder and the disturber of our system. It 
appears, however, from a memorandum in the journal of Pro- 
fessor Adams, that he had for some years formed the resolu- 
tion of endeavouring to solve the problem analytically as soon 
as he should get leisure from his academical engagements. Le 
Verrier had also been engaged in a laborious investigation 
of the elements of Uranus according to the existing theory, 
and had succeeded in finding one or two trifling additional 
terms of perturbations from known planets, and in discover- 
ing some inaccuracies in Bouvard's tables. He had, however, 
found nothing that would at all explain the enormous differ- 
ence existing between theory and observation. The two 
geometexB became thus, quite independently and without any 
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knowledge of each other either personally or otherwise, en- 
gaged in the laborious problem till then quite despaired of, of 
finding the elements of a disturbing planet by means of the dis- 
turbances produced upon the disturbed planet. The direct 
problem is difficult enough to try ordinary industry and 
patience, but the' intricacies of the inverse problem were 
enough to make the boldest analyst and computer shudder. 

We cannot give any adequate idea of the labour and 
difficulty actually encountered, except by stating that all 
the elements of the sought planet (except the mean distance 
which it was necessary to assume arbitrarily) must come 
into the equations of condition, as well as all those of the 
disturbed planet, or rather their corrections, since the latter 
elements obtained from the ordinary theory must be neces- 
sarily false. Both mathematicians did, however, arrive at 
about the same time at a complete relation, and both, in the 
autumn of the year 1846, furnished elements of the planet 
sought for. Le Verrier, from his elements, calculated a place 
of the planet, and so confident was he in the accuracy and 
certainty of his result, that he wrote to his friend Dr. Galle, 
of the Eoyal Observatory of Berlin, requesting him, on the 
night of the receipt of the letter, to direct the telescope of 
the large equatorial of that establishment to the indicated 
spot in the heavens, and giving him full assurance of finding 
the planet. This letter reached Dr. Galle in 1846, September 
23rd. On searching as directed, he found a star of about 
the eighth magnitude, not marked in Bremiker's star chart 
(the one for that part of the heavens had just come to hand), 
which, therefore, afforded strong presumption of being the 
body sought for, and the fact was confirmed by the first 
night's reobservation. In the meantime, the researches at 
Cambridge had proved in the English mathematician and 
astronomer an equal degree of merit, though of course the 
glory of the first discovery indisputably belongs to Le Verrier 
and Galle. Prof. Challis, who was then Director of the 
fine Observatory at that University, had for some time 
been engaged in a laborious and well-arranged sweep 
of that part of the heavens which Adams's researches 
had pointed out as the most likely, and it is a curious 
fact that, before its actual discovery and recognition 
at Berlin, it had been twice observed by that unwearied 
astronomer. To explain the fact of its being observed, 
and yet not recognised, it is necessary to r^\s^\A ^<^ 
reader that at this time, thai aeclVoTi oi "^xeox^^"^^ '^'^ 
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charts which included the portion of the heavens in question, 
had not yet reached England, so that Professor Challis had, 
in fact, to construct one for himself from the data afforded by 
his observations. If the result of each night's sweep had 
been pricked off on prepared maps immediately afterwards, 
the glory of the discovery would have rested with him and 
Adams, but the other laborious duties of the observatory 
prevented this being done, at the same time that the necessity 
of doing it was not so obvious before the discovery as it 
appeared afterwards. 

The claims of the rival astronomers and mathematicians 
are evidently, on the whole, equal, and the planet would 
infallibly have been discovered during the autumn by each 
independently. At the same time the peculiar fame arising 
from the happy union of transcendent analytical skill and 
undoubted confidence in the result must be conceded to Le 
Verrier; his whole process was happily conceived, carried 
out in the most masterly way, and immediately rewarded by 
his singular boldness in announcing his result and pledging 
his reputation on its certainty. 

We could not pass by this wonderful discovery of the 
planet Neptune without thus much of notice. It exhibits, 
in the most striking way, the advance of astronomy in its 
theoretical development, and in its practical adaptation: — 
the mathematician, the observer, and the instrument-maker 
were almost equally needed in the solution of the great 
problem before us ;— and if any one of these conditions had 
been wanting, Neptune might have remained still unknown. 

251. Immediately after the discovery, the observations ol 
the last century were ransacked to endeavour to find whether 
Neptune had been observed without knowledge of its plane- 
tary character, since this was of very great importance in 
the calculation of its real orbit from observation. The pub- 
lished observations of the French astronomer «Lalande 
afforded no trace of such an observation, but, on consulting 
the manuscripts of these observations kept at the Observa- 
tory of Paris, two were found, made in the year 1796, on the 
8th and 10th of May, which were suppressed in the printing, 
on account of the error presumed from their disagreement 
(the object being supposed to be a star), but which were 
really observations of the planet. 

252. These earlier observations have been of the greatest 
possible value for determining, by combining them with 

ihose made ainco the discovery, the eUuioiita of the planet's 
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orbit. According to Prof. Newcomb, of the United States' 
Naval Observatory, Washington, the sidereal period is 
164*78 tropical years, the excentiicity 0*00899, and the 
inclination 1° 47'. 

253. Soon after the discovery the planet was attentively 
watched by Mr. Lassell, M. Otto Struve, Mr. Bond, U. S., 
and by Professor Ohaliis, for the discovery of any physical 
peculiarities that might be rendered visible in the powerful 
telescopes at their command. Mr. Lassell was rewarded 
by the discovery, in October, 1846, of a satellite, the orbit 
of which M. Otto Struve, by subsequent observations, found 
to be inclined to the ecliptic at an angle of about 85°. Its 
periodic time is about 5^ 21^, and its motion is retrograde, 
like those of the satellites of Uranus. It is a difficult object 
to see, even in the most powerful telescopes. 

254. The mass of the planet has been determined both by 
the observations of the satellite, and by the perturbations 
produced upon Uranus, the existence of which perturbations, 
it will be remembered, first led to the discovery of Neptune. 
The value most recently found by ihe former method was 
determined by Professor Newcomb, and amounts to tts to • 

255. We will conclude this chapter with a few words about 
comets, a class of bodies allied in some respects to the 
planets, but differing so much in many important particulars 
as to make it necessary to treat of them separately. 

256. Comets, like planets, revolve round the sun evidently 
under the influence of the law of gravitation, for they all 
describe orbits identical with one of the conic sections, and 
they all obey Kepler's ** Second Law" of the equal descrip- 
tion of areas, as is evident from the accomplished predictions 
of the return of some of them, for which the calculations 
assumed the law. 

The planets, however, all describe ellipses of very small 
excentricity ; in every case they move according to the order 
of the signs or with direct motion, and the inclinations of 
the orbits of all the principal ones to the ecliptic are small. 

Comets, on the contrary, move in parabolic and even in 
hyperbolic^ as well as in elliptic orbits ; the inclinations of 
the orbits have all degrees of magnitude ; and their motions 
in their orbit are as often retrograde as direct. Indeed, the 
greater number of those whose orbits have been calculated 
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describe parabolas having the stin in the focus; that is, 
daring the time of their visibility, the orbit, if it diflfers at all 
from a parabola, differs so slightly, that the difference cannot 
be detected by observation.* Very few of them have been 
ascertained to move in JiyperholaSy but the fact is certain for 
some of them. A great many periodical comets, however 
(that is, comets that circulate round the sun, and are ob- 
served, after their departure, to return to it again), moving 
in ellipses of various excentricities, are known at present. 

267. Now our readers will remember in our remarks on 
the planetary motions, that a body might describe either an 
ellipse, a parabola, or an hjrperbola round the same centre 
of force, the particular orbit being determined by the 
velocity and the angle of direction made with the radius 
vector at any point. Thus, supposing a body moving in a 
parabola suddenly to suffer some resistance which would 
materially lessen its velocity, it might describe an ellipse, 
and if its velocity were suddenly increased it would describe 
an hjrperbola. 

It is found also by telescopic observations, and by the very 
small effect produced on the motions of the planets when 
comets approach near them, as also by the very great disturb- 
ances which the motions of the latter suffer, on such occasions, 
that the masses of all the known cometary bodies are exceed- 
ingly small ; indeed, of incomparably less density than our 
atmosphere, or even of any of the lighter gases that we are 
acquainted with. Thus the comet of 1770, called Lexell*s 
comet, actually approached, in 1779, Jupiter, within a dis- 
tance scarcely exceeding ^ ^^ part of the distance of that body 
from the sun, and yet produced no perceptible disturbance 
on the satellites, though it is exceedingly probable that its 
own return to visibility by us was quite prevented by the 
great disturbances it experienced. Again, the texture of 
which even the head or densest part of a comet is com- 
posed is of so small a density that the faintest stars are seen 
through it, though a slight fog or vapour near the earth's 
surface will render invisible stars of the ffrst magnitude. 

Hence we can conceive, without any undue speculation 
on the nature or origin of these mysterious bodies, that, 
whatever were the original orbit in which a comet may have 
been moving, a near approach to any of the large planets 
might so effectually change its orbit, that, before its discovery, 

* Our readers are assumed to know that an ellipse, when its mujo' 
axjg becomes in&dte, degenerates into a paxibola. 
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it might be moving in any one of tlie curves above men- 
tioned. 

256. We have mentioned above that comets are of extreme 
tenuity, but we will add a few more remarks on their 
physical appearance, which is extremely different in different 
specimens of these bodies, and even at successive returns of 
the same. Some have been seen of immense magititude and 
brightness, visible even at noon-day, and attended by a tail 
extending over 60** to 70" of the heavens. Generally in such 
cases the head consists of a brightish spot near the centre 
or nueleus, surrounded by a small circular nebulous mass or 
coma; beyond this is a small interval of clear space, and outer- 
most of ^ is a luminous envelops, going round the coma like 
the head of a parabola, and generally extending in the direction 
of straight lines, so as to form two streams of light diverging 
for some distance, and sometimes reuniting. Frequently, 
however, the comet has no tail or train, and consists of a 




Email nebulous mass with or without a nucleus, and fre- 
quently, in the cases of what are called telescopic comets, a 
small nebula of extreme faintness is all that is visible to 
experienced eyes. Again, of comets which have tails, tho 
shape is exceedingly various. Some have one tail, othera 
two or three at different angles, and some have been seen 
with still more. Generally the tail is carved towards the 
part of the heavens &om which the comet has been moving, 
but its length and the general appearance of the comet are 
greatly affected during the time of approach to, Q.a.d 'cq&«iv& 
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from, the perihelion passage, or passage through the point of 
its orbit nearest to the sun. 

259. We will now particularise a few of the most remark 
able comets that are known or suspected to be periodical. 

260. Of comets of long period, the most remarkable is 
fchat known by the name of Halley's, from the circumstance 
of that illustrious geometer having predicted the return. 
On applying the principles of the theory taught by Newton 
with regard to these bodies, and calculating the orbits of 
several ancient comets, Halley found a remarkable coinci- 
dence in the elements of the orbits of comets which had 
appeared and been observed at nearly equal intervals of 
time in 1531, 1607, 1682, the latter appearance taking place 
in his own time. After mature consideration he alleged that 
these comets must be identical, and predicted the return 
about the year 1759. Clairaut, an eminent mathematician, 
undertook the .calculation of the disturbances it would 
experience from the large planets, by which its return was 
delayed about six hundred days, and the comet "Returned 
again to perihelion according to prediction in the spring of 
1759. It appeared once more in the autumn of 1885, when 
its return had been calculated with great accuracy by several 
eminent mathematicians. 

261. Several other comets have been calculated to revolve 
round the sun in about the same period as Halley*s ; but 
none of these are certainly known to have been seen at more 
than one return. The most interesting of them at the 
present time is one which was discovered by Pons at 
Marseilles, on the 20th of July, 1812. It was observed for 
about ten weeks, and being found to move in an elliptic orbit 
with period of about seventy and a half years, it will probably 
return again to perihelion in the course of next year (1883.) 

262. It will be, perhaps, expected that we shall say some- 
thing about comets for which much longer periods have been 
assigned. But, however appropriate this may be to a book 
which professedly treats of descriptive astronomy, it involves 
points too uncertain for our short space on that part of the 
subject. It is well known that Halley thought that the 
comet (commonly called Newton's, because in reference to 
it Newton first applied his law of gravitation to comets), 
which made such a brilliant appearance in 1680 to himself 
and his contemporaries, was identical with comets seen in 
A.D. 1106, A.D. 531, and b.c. 45 (after the death of Julius 
Cwsar), Gibbon devotes a long article in the <^ Decline and 
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Fall '' to the supposed successive appearances of this comet, 
apropos of what he calls its fifth recorded return in the 
reign of Justinian, and finishes by surmising that '' at the 
eighth return, in the year 2855, the calculations of Bemouilli, 
Newton, and Halley may perhaps be verified by the astrono- 
mers of some future capital in the Siberian or American 
wilderness.'* But it is now scarcely open to doubt that the 
period of the comet of 1680 amounts to, not hundreds, but 
thousands of years ; and it is probable that Justinian's comet 
of A.D. 531, was in fact a return of the comet ordinarily 
known as Halley's, of which we have spoken above. A comet 
which appeared about the time of the abdication of the 
Emperor Charles V. has been surmised to have a period of 
about three hundred years, and was partly expected to be 
seen again about 1860 ; it, however, failed to put in an 
appearance, and the moral is that too little reliance can be 
placed upon observations made some centuries ago to found 
with confidence any conclusion upon them with regard to 
the elements of the orbits of comets seen. Moreover, comets 
of very long elliptic orbits are seen for so fractional a portion 
of their whole period that it is impossible with a few even 
good observations to determine the length of these with 
accuracy. 

263. We pass on therefore to comets of short period. 
Of these by far the most interesting is that commonly 
known as Encke's (from that astronomer having been the 
first, at its appearance in 1818-19, to calculate its orbit and 
predict its return), the period of which is the shortest of all, 
and amounts to little more than three years and a quarter. 
It appears that it was first discovered by Mechain, at Paris, 
in 1786, and afterwards re-discovered by Miss Caroline 
Herschel in 1795. At the return in 1818 it was again inde- 
pendently discovered by Pons, on the 26th of November, 
about four weeks before it passed its perihelion on the 27th 
of January, 1819. Now it was that Encke took it in hand, 
showed that its orbit was a small ellipse, that it had been 
seen on previous occasions, each time being supposed to be 
a new comet, and predicted that it would return to perihelion 
in the month of May, 1822, as it accordingly did. It has 
been seen at every subsequent return, and has occasionally 
been just visible to the naked eye. The exact period is 1,210 
days ; it was in perihelion in November, 1881, and will be 
again in March, 1885. A very remarkable fact waa ^^^t» 
noticed by Encke with regard to it, 'w\i\(i\i\B.\»«t ^^^^tH^jJ^^^"^^ 
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have confirmed. Its periods of revolution are becoming 
successively shorter, and the major axis of the elliptic orbit 
is slowly but steadily diminishing. 

264. The next most interesting comet is or rather was 
that known as £iela*s, which, after separating into two por- 
tions in the winter of 1845 and returning as two companion 
comets in the autumn of 1852, would seem afterwards to 
have dispersed altogether, as it has not since been seen. It 
was first discovered so long ago as 1772, by Montaigne, re- 
discovered by Pons in 1805, and again by Biela in 1826, 
when it was shown to have a period of somewhat more 
than six and a half years. 

265. Faye's comet has established itself as a regular 
member of the solar system. It was first discovered by M. 
Faye at Paris in November, 1848, found to have a period 
of about seven and a half years, and has been observed at 
every subsequent return, the last time about Uie end of 1880, 
the perihelion passage taking place in January, 1881. 

266. M. Tempel, formerly of Marseilles, now Director of 
the Observatory at Arcetri, near Florence, has been the 
most successful modern discoverer of comets. Besides 
several others, he has discovered three of short period; one 
in 1867 (comet 2, of that year); a second in 1869 (No. 8) 
and a third in 1878 (No. 2), the period of each of which is 
between five and six years. The first returned in 1873 and 
1879, the second was not seen at the next return in 1876, 
but was observed at the subsequent one in 1880, when it 
passed its perihelion on November 18th ; the third, whose 
period is somewhat the shortest of the three, was observed 
in 1878, passing its perihelion on September 7th. 

267. Another small comet which seems entitled to rank 
as a permanent member of the system, was discovered by 
Brorsen at Kiel in the month of February, 1846. Its period 
is also about five and a half years, and it was last observed 
in the spring of 1879. 

268. A large number of new comets has been discovered 
in recent years, of which the most remarkable are the great 
comets of 1858, 1861, 1862, 1874, and 1881. 

The comet of 1858 (called Donati's Comet, from its 
discoverer, the late Italian astronomer of that name) 
was the finest seen since the celebrated one of 1811. 
It was discovered at Florence on June 2, 1858, and was 
then merely a faint patch as viewed with a powerful 
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telescope ; and it was not a conspicaoas object to the naked 
eye till near the end of September. About that time and 
during the month of October, its most brilliant phenomena 
were exhibited. Its tail was about 40^ in length, and the 
appearance of the nucleus when examined in a telescope 
exhibited changes of the most interesting and instructive 
character. After its perihelion passage, and being lost for a 
time, it became again observable, and continued to be 
observed till about the middle of the next year, 1859. 

269. The great comet of 1861 burst suddenly upon the 
sight on th^ evening of June 80, near the north-west hori- 
zon for these latitudes. Its nucleus to the naked eye appeared 
almost as large as the moon, and its tail was estimated as 
more than 100^ in length. It continued observable for two 
or three months. 

The great comet of 1862 exhibited several interesting 
phenomena, but its appearance, as viewed by the naked eye, 
was not so grand as ^at of either of the preceding comets. 

The comet of 1874 was visible to the naked eye for several 
weeks in the summer ; and in 1881, as all may remember, 
two were at one time visible to the naked eye at once. 

270. A most remarkable discovery which has been made 
recently with regard to comets is that of the identity of the 
orbits of two of them with those of the August and November 
swarms of meteors. Most of our readers will remember the 
brilliant spectacle which was presented by the meteors on 
the night of November 18-14, 1866. Many astronomers were 
prepared to take all the advantage possible of the predicted 
return of these meteors after an interval of thirty-three years, 
and by their observations, the elements of the orbit of the 
group were determined with considerable accuracy, and were 
found to coincide very precisely with those of the first comet 
of 1866, discovered by M. Tempel at Marseilles. On further 
investigations it was then found that the elements of the 
great comet of 1862, previously mentioned, coincided with 
those of the August group of meteors, and the inference 
naturally is that comets are in general nothing more than a 
collection of those meteors seen at such a great distance that 
the discrete particles of which they are composed present 
the appearance of a gaseous body, varying in form and 
brightness according to its changes of position relatively to 
the earth. The subject is, however, at present still obscure 
and difficult, but the facts already known suggest a md.^ 
field of inquiry and profitable inve^Ug'St&oxi. 

n 
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THE FIXED STABS. 

271. Having treated of the motions of the bodies of tha 
fiolar system, viz., of those bodies that describe orbits referred 
to that body as a centre, we have now to speak of the stars, 
or of those comparatively fixed bodies that preserve sensibly 
from one age to another the same relative situation in the 
heavens, and are, therefore, popularly called fixed. In the 
sequel we shall find that this term is not strictly true, and 
that the greater number of the fixed stars have measurable 
motions of their own, but the designation is sufficiently 
accurate for ordinary purposes, and serves effectually to 
distinguish them from the planets, whose motions, as seen 
from the earth, are incomparably more rapid. 

272. The stars are so distant from us that they are in- 
capable of being distinguished except by their brightness, 
or, to use the term generally applied, by their magnitudes. 
The separation of stars by magnitudes has been made 
from the earliest times altogether by estimation of their 
brightness with the eye, and this estimation being necessarily 
vague, the magnitudes as given in catalogues of stars are in 
some respects vague and indeterminate, and hardly accurate 
enough for the present purposes of sidereal astronomy. 

273. A few stars of the heavens, pre-eminently bright, are 
called stars of the first magnitude, but this class includes 
very few, the number given in the ** Nautical Almanac*' list 
being only thirteen. Stars next to these in brightness, and 
differing only slightly, are said to be of the first-second or 
the second-first magnitude, accordingly as they by estimation 
appear to be nearer stars of the first or the second magnitude. 
The next class comprises stars of the second magnitude with 
ha subdivisions, and so on to the third, fourth, &c., magnitudes. 
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The lowest class visible to the naked eye consists of stars 
between the fifth and sixth magnitudes, though on very clear 
evenings good eyes may distinguish stars of the sixth magni- 
tude. The classes of inferior magnitudes are estimated 
according to their relative brightness as seen in telescopes, 
and of course the estimations become still more vague on 
account of the different powers of the telescopes employed, 
and because a general view of them cannot be obtained for 
the purpose of direct comparison, as is the case with the 
naked eye when directed to the heavens. 

274. We are indebted to the late Professor Argelander, for- 
merly Director of the Observatory at Bonn, for a complete clas- 
sification of all the stars visible to the naked eye in the northern 
heavens according to their magnitudes, in a catalogue entitled 
" Uranometria Nova," published several years ago, which 
should be in the hands of every astronomical student. 

275. Mr. Johnson, formerly Director of the Eadclifife 
Observatory at Oxford, also paid great attention to this 
subject, and repeatedly estimated the magnitudes of all the 
stars observed by him, so as to obtain a much more definite 
scale than has been ever practicable before.* 

276. For the better classification of the stars, the ancients 
divided them into fanciful groups, called constellations. The 
boundaries of these constellations were assigned from the 
supposed resemblance to the figures of men, animals, &c., 
and in many instances represent the deified heroes or 
heroines of antiquity, such as Hercides, Perseus, Andromeda, 
Cassiopeia, The most remarkable northern constellations 
called by the names of animals are Ursa Major, Vrsa Minor, 
Draco, Cygnm, Serpens, Aries, &c., together with those 
crossing the zodiac, as Aries, Taurus, Leo, &c. The number 
of constellations thus named, which are included in Ptolemy's 
catalogue, is forty-eight. Some stars of conspicuous brightness 
still retain the designations given, to them by the Greek and 
Arabian astronomers, such as Algenih, Achemar, Sirius, Rigel^ 
Aldeharan, Capella, Arcturus, Antares, Spica Virginis, 
Regulus, Canopus, Fomalhaut, &c. Bayer, an astronomer 
of the seventeenth century, the better to distinguish the 
stars in their respective constellations, assigned to them 
letters of the Greek, Italic, and Boman alphabets : the 
brightest star having affixed to it a, the first letter of the 
Greek alphabet, the second p, and so on, till, these being 

* On this subject seo a valuable paper by Mr. "Da^^^ Vxv^^ "NoUca 
ifth$ Moyal Astronomical Society, vol. xi., p. \^1% 

H 2 
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exbansied, recourse was had to Italic and Roman letters. 
Thus a Aquila, a Lyra, are the brightest stars in the con- 
stellations Aquila and Lyra respectively. 

So fanciful is this resemblance of star-groups or constella- 
tions to the forms of animals and other figures that incon- 
venience often results from the existing distribution, 
particularly when, as in several cases, the boundary of one 
constellation overlaps that of another. Nevertheless, the 
stars have become by long usage so inseparably identified 
with their names according to this system, that it would 
now be extremely difficult, if not impossible, to make a 
complete revision of nomenclature. All, however, who are 
interested in the subject are recommended to read a valuable 
article by Sir John Hersche}, formmg part of the Introduc- 
tion to the Catalogue of 8,377 stars, published by the British 

Association in 1845. 

277. We have already spoken of catalogues of stars, and 
it will be necessary to devote a few words to the explanation 
of their construction. 

278. It has been explained that the places of objects in 
the heavens can be freed from all the effects of displacement 
to which the observations of them at the surface of the 
earth are liable, and can be referred to a fixed equinox and 
equator. It is usual in fixed observatories to reduce the 
observations of all stars to their mean positions for the 
beginning of the year of observation by the application of 
the corrections for precession, nutation, aberration, &c., and 
their places are then such as they would be if referred to the 
mean position of the equinox and equator for the beginning of 
the year ; that is, the places of reference are thus fixed, and 
the observed places of the stars should be theoretically the 
same for every observation. By collecting the separate 
observations of each star, therefore, a mean of the results 
will give with considerable accuracy the mean place for the 
beginning of the year. Tha mean right ascensions and polar 
distances of the stars are thus collected into a catalogue 
according to the order of their right ascensions (that is, start- 
ing from 0'* according to the order of their diurnal revolu- 
tion), and thus a catalogue of mean places of the stars 
observed during the year is formed. It is usual also to add in 
separate columns the star's mean precessional motion in right 
ascension and Noiih Polar distance for one year, and, if it is 
known, the proper motion is also given. By these means it 

Js easy to combine the resulta oi sevet^X -^j^wc^* o\^«^irvationa 
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into one catalogue for some intermediate epoch, with no 
greater risk of error than is entailed by the mean effect of 
the trifling uncertainty of the actual motion of the equinox 
and of the proper motion in this interval, which, for a few 
years, is exceedingly small in the present state of astronomy. 
Thus the results of all the star observations made at Green- 
wich, between the years 1886 and 1876, both inclusive, are 
embodied in six catalogues, each containing the observations 
for six, seven, or nine years. It was not thought prudent 
to combine them all into one catalogue on account of the 
objection arising from the possible uncertainties already 
spoken of, and the reader may hence judge of the jealous 
caution exercised in all matters subject to the smallest doubt. 
The proper motions of all such stars in the above catalogues 
as had been observed by Bradley, for the three first of the cata- 
logues above mentioned, were computed by the author of this 
treatise, and Mr. Stone, who succeeded him at Greenwich, 
computed those for the fourth. For all these stars, then, 
the places can be predicted with great accuracy for at least 
a century, certainly with smaller risk of error than belongs 
to a single observation. 

279. Having thus explained the formation of a catalogue 
of stars, we will mention some of the most important collec- 
tions, both ancient and modern. The earliest forms part of 
the famous *' Almagest " of Ptolemy, supposed to have been 
compiled from the observations of Hipparchus made 267 
years before, and reduced to Ptolemy's epoch by adding the 
amount of the processional motion in longitude. This is the 
only ancient catalogue, and it contains 1,022 stars. 

280. The next in order is the catalogue of Ulugh Beigh, 
a Tatar prince, containing 1,017 stars, compiled from his 
observations made about the year 1487 ; and the next is the 
catalogue of the cebebrated Tycho Brahe, containing 777 
stars, arranged in 45 constellations, from observations made 
in the latter part of the sixteenth century. 

281. The above catalogues have been re-edited and 
rendered more available for modem readers by the late Mr. 
Baily, and are contained in the thirteenth volume of the 
Memoirs of the Eoyal Astronomical Society. 

282. Bayer's catalogue, containing 1,762 stars, arranged 
in 72 constellations, we have before had occasion to notice. 
It was published in his ** Uranometria'* in 1608. Bayer 
introduced the classification of the stars by the leti^t% Ql^2cL<^ 
alphabet. 
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283. The celebrated catalogue of Hevelius comes next, 
and contains 1,888 stars derived from his own observations. 
The epoch is 1661. It was published in the "Prodromus 
Astronomise " in 1690, and is the last collection of star places 
derived from observations made without the help of the 
telescope. It is included in Mr. Baily's collection before 
mentioned. 

284. Next follows the far more important catalogue of 
Flamsteed, which is the real basis of correct modem astro- 
nomy. This catalogue was compiled from Flamsteed's 
observations made with the use of the telescope on a fixed 
mural arc, and was published by Flamsteed's executors in 
the "Historia Coelestis Britannica" in the year 1725. It 
was re-edited by Baily in 1885. 

285. The most celebrated catalogue of the eighteenth 
century is that of Bradley, containing 8,222 stars. It is 
included in the ^'Fundamenta AstronomisB" of the illus- 
trious Bessel, published in 1818. This book is the greatest 
treasure possessed by astronomers, both from the goodness 
of the observations on which the catalogue is founded, and 
for the methods of reduction used by Bessel, which comprise 
all the refinements of modem mathematical skill. 

286. Other fundamental catalogues are those of Piazzi 
and Groombridge. The former contains nearly 7,000 stars, 
and the latter 4,248, and the respective epochs are 1800 and 
1810. Both these catalogues are of inestimable value. 

287. The last original catalogues which we shall mention 
are those of Lalande and Lacaille, containing respectively 
47,390 and 9,766 stars for the years 1800 and 1750. Both 
these catalogues have been recently published by the British 
Association, the reductions of the observations having beeu 
made under the authority and at the expense of that body. 

288. The best modem compiled catalogue (that is, a 
compilation from all the best original catalogues before 
mentioned) is that of the British Association, containing 
8,877 stars, reduced with great accuracy, and giving the 
elements of reduction for obtaining the apparent place of a 
star for any given day. This catalogue replaced the "Astro- 
nomical Society's Catalogue," which was published in 1827, 
and compiled by Mr. Baily. The appearance of this latter 
catalogue, with Mr. Baily's elaborate preface, of itself marked 
a new epoch in astronomy. 

289. In connection with the formation of catalogues oi 
Btara we axe naturally led to iceait oi tVievx proper motion$. 
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Imagine two catalogues of the^ame stars to be formed for 
two epochs, differing by a considerable interval ; for example, 
the star catalogue included in Bessel's '' Fundamenta '' 
(deduced from Bradley's observations), of which the epoch is 
1755, and the Greenwich CatalogcOB of 2,156 stars, with 
mean epoch about 1842. Now we can, by the theorv of 
precession which has been previously explained, bring up 
the places of Bradley's stars to the epoch of the modern 
Greenwich Catalogue withoiit material error, and then, neglect- 
ing error of observation, which in the mean of several is 
very small, the result should be identical with the results of 
the latter catalogue. But we find this to be absolutely the 
case for very few stars, and, in a great many instances, the 
differences are so great that it is necessary to seek for some 
cause totally different &om those apparent displacements of 
all the celestial bodies that we have thus far had occasion to 
consider. On the whole, also, the differences follow no law 
of sign or magnitude dependent on the position of the stars, 
by which we could represent their whole amount; and we 
are thus justified in considering them to be real or proper 
motions of the stars themselves. Indeed, it is exceedingly 
unlikely, from what we know of the motions of the bodies of 
the solar system, that any one of the stars is absolutely at 
rest, since on that supposition it could only remain so by 
the total absence of any attractive force from other bodies, 
that is, it must be at an infinite distance from every other. 
The observed differences then being divided by the number of 
years between the two epochs will give the annual proper 
motions of the stars. As a general rule it is found that the 
brightest stars, that is, the stars of the first and second magni- 
tudes, have the largest proper motions, but this rule has most 
remarkable exceptions. For instance, the two stars of 61 
Cygni, whose distance has been discovered (see pp. 60, 51), 
and whose magnitudes are not much above the sixth, have a 
common annual proper motion of about 5^", and the star 
No. 1830 of Groombridge's catalogue has one still greater : 
fi and CassiopeisB have also large proper motions. All such 
stars, the reader will easily understand, are likely to be much 
nearer to us than those whose proper motions are insigni- 
ficant, and therefore afford better hope of success in attempting 
to investigate their parallaxes. Tlie parallax of Groombridge 
1830 appears, however, to be exceedingly small, and the various 
series of observations that have been made to detertxvm^ ^^ 
appear to prove that it does not exceeOi oxL^-VetiJCsi o1 ^^'^^^"^^^ 
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290. Amongst the most interesting of the phenomena 
ordinarily observable in the stars is that of the periodica] 
variation of brilliancy belonging to some of them. In the 
time of Tycho, a star suddenly appeared in the constellation 
Cassiopeia, -with a lastrtB exceeding that of stars of the first 
magnitude, and rivalling Jupiter and Venus when nearest to 
the earth. Its brightness decreased very rapidly, and at the 
end of sixteen months it was no longer visible. Its colour 
during this time underwent considerable variations. Another 
star of the same kind was observed in 1604, in Ophinchus, 
and all the phenomena connected with it were similar to 
those of the former. At the present time, owing to the 
constant and systematic observations of the stars, a tolerably 
large list of variable stars has been collected, and the periods 
of maximum and minimum brightness of some of them 
have been ascertained. Of these /3 Persei is a remarkable 
specimen. Its whole period of change is rather less than 
2d 20^* 49™, during which time it varies in brightness from 
the second magnitude to the fourth. It continues at its state 
of greatest brightness for rather more than 2i days, and all 
its changes are confined to a few hours. The phenomena 
connected with this star strongly confirm the idea of a dark 
body revolving round it, and periodically obstructing a great 
portion of its light. Another variable star of the short 
period of 5^ 9'' nearly, is d Cephei. /3 L3n:83 has a period of 
nearly 18 days, divided into two periods of greater and smaller 
amount of change. For a list of several other stars whose 
periods have* been ascertained with tolerable certainty, the 
reader may consult Sir J. Herschel's ** Outlines of Astronomy,** 
page 658, and we would recommend the study of this 
interesting class of stars to any of our young readers who 
are provided with a telescope of moderate power, as a very 
delightful and profitable exercise. Mr. Hind, whose labours 
we have occasion so frequently to mention, has added four 
to the list. Such stars as those observed in the sixteenth 
century are more properly denominated temporary stars, the 
designation variable being confined to those that have a deter- 
mined period of maximum and minimum brightness. For 
an account of a very remarkable temporary star which 
suddenly appeared on May 12th, 1866, the reader is referred 
to the Appendix to this volume. 

291. Of the difierent hypotheses devised for the purpose 
of accounting for the phenomena of variable stars, the two 
mosi probable are that either the stars, Uke the sun, rotatd 
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on an axis of revolution, and present in succession surfaces 
of greater and lesser illumination ; or that they are attended 
by opaque bodies or planets revolving round them, and 
periodically obstructing some of their light. Bessel thought 
that he had discovered a variability in the proper motions of 
Sirius, Procyon, and one or two other stars which have been 
accurately observed for about a century, which could be 
explained by the disturbances incident to a planetary system, 
but his conclusions require confirmation, and some of the 
details will probably undergo modification. 

292. The next class of stars presented to our notice are 
double and multiple stars. These may themselves be divided 
into two classes, viz., either those that are only optically 
double, that is, by being projected when seen from the earth 
on very nearly the same point of the heavens; or those 
which are physically connected by gravity, and revolve round 
each other as tho planets do round the sun. The researches 
connected with this portion of modern astronomy owe their 
origin to Sir W. Herschel, to whom we are indebted for tho 
first catalogues of double stars. Since his time it has been 
most zealously prosecuted by his illustrious son and Sir 
James South, with several other astronomers in England, 
but especially by the great Russian astronomer Struve. 
Struve's large catalogue of double stars, in connection with 
Sir John Herschel's observations at the Cape of Good Hope, 
has given us in this particular a complete survey of the 
northern and the southern heavens, and these eminent 
astronomers have left nothing for future observers but a 
scanty gleaning after their rich harvest. 

293. The observation of a double star consists (in addition 
to notes of magnitude and colour) in the determination of 
the distance in seconds of arc of the two components, and oi 
its angle of position y that is, of the angle which tho line of 
direction of its components makes with the meridian, or 
great circle joining the pole and the stars. By observations 
continued through the greater part of a century, it is certain 
that the angle of position of several double stars is not fixed, 
but that the line joining the components revolves constantly 
in the same direction, and some stars have actually com- 
pleted a whole revolution since the commencement of accurate 
observation. Three of the most remarkable of these physically 
connected systems are, 61 Cygni and y Virginis in the 
northern hemisphere, and a Centauri in the southern. The 
distance of the two stars of 61 Cygni \iaa \i^«ii Nj^'st'^i^ 
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constant since the earliest observations, and is about 15^''; 
but the angle of position has varied by about 50" in seventy 
years. Now we have in our chapter on parallax shown (pp. 
50, 51) how the parallax, and therefore the distance of this 
star from the sun, has been measured by Bessel, and we 
need only repeat here that the mean value of the parallax 
(or angle subtended by the radius of the earth's orbit at the 
star, or rather the value of the angle whose tangent is 
rad. of earth's orbit^ j^ ^..^^^ ^^^^ .j ^^^ ^j^^^ ^^ 
dist. of star ' 

distance between the stars is greater than the radius of 
the earth's orbit in the proportion of 15 J to 0-348, or of 
44^- to 1 nearly. The orbit, therefore, described by these 
stars round each other must of necessity be considerably 
greater than that of Neptune, whose distance from the sun is 
not much greater than 30 times the radius of the earth's orbit. 
Again, supposing the revolution of the stars round each 
other to be uniform, their time of describing the complete 
orbit will be -W X 70 years, or rather greater than 600 
years. By means of these data, we ' find, by the applica- 
tion of Kepler's third law, the sum of their masses to be a 
little greater than one-third of the mass of the sun. 

294. The distance of the two components of a Centauri 
was in 1834 about 17i", and decreases at the rate of about 
half a second per year, while the angle of position remains 
tolerably constant. Observations have not been continued 
long enough to determine the orbit described by the stars 
round each other with any accuracy ; but if we assume, with 
Sir J. Herschel, that the major axis must at the least exceed 
24!' f and with Henderson and Maclear (see pp. 52, 53) that the 
parallax is rather less than 1'', then the real value of the axis 
of the orbit described is at least 13 times that of the earth's 
orbit. 

295. 7 Yirginis is another remarkable double star whose 
components are physically connected and of nearly equal 
magnitudes. This star has had the elements of its orbit 
lalculated by several astronomers with great exactness, 
according to the principles laid down by Sir John HerscheU 
The late Admiral Smyth devoted considerable time and 
labour to this investigation, both by methods of ordinary 
calculation and by graphical methods, and it occupies a 
considerable space in his well-known book, "A Cycle of 
Celestial Objects," 
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296. When the components of a double star are very 
unequal in magnitude, their colours are generally comple- 
mentary to each other; thus, if the larger star be of a 
yellowish colour, the lesser one will appear bluish ; but i^ 
the colour of the larger star incline to crimson, the other 
will be of a greenish hue ; if again the smaller star be very 
much fainter than the other, the latter will not be affected 
by its light. Sir J. Herschel suggests the possibility of these 
colours being not purely the result of contrast, but of light 
differently tinted, emanating from the stars themselves ; and 
if this should be the case, it is scarcely possible to imagine 
the glorious effects of coloured lights that would be pro- 
duced during the revolutions of the planets attendant on 
such primaries. In many parts of the heavens, stars of 
a deep red colour occur, unattended by companions, but 
stars of a green or bluish tint have never been observed 
alone. 

297. It was suspected by Sir W. Herschel that the sun 
has a proper motion in space, and this opinion, conformable 
as it is with analogy, has been proved to be true, though the 
illustrious Bessel, from the results of Bradley's Observa- 
tions, thought otherwise. In any extensive catalogue of 
proper motions * in right ascension, if the very small and 
doubtful ones be rejected, it will be found that from about 
seventeen hours to five hours of E, A., the proper motions 
are on the whole such as to increase the right ascension, and 
that between five hours and seventeen hours they tend to 
diminish them. Now this is just the effect that would be 
produced by the motion of the sun towards a point in the 
heavens of about seventeen hours R. A., for it is evident that 
the angular distances of all the stars in that part of the 
heavens towards which the sun is moving will be increased, 
while the angular distances in the opposite part of the 
heavens will be diminished. The stars will therefore be, 
with regard to right ascension, apparently thrown faiiher 
away from the seventeen-hour meridian, and the right 
ascensions greater than seventeen hours will be increased, 
while those less than seventeen hours will be diminished, 
which is conformable to the observed fact. Several elaborate 
investigations have been made of the position of the apex of 

* See, for example, the author's discussion of the proper motions of 
stars of the Greenwich Catalogue by comparison with Bradley's Ob- 
servations. Memoirs of the JRoyal Astronomical Societp, yols. xix. and 
xxviii 
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solar motion by Professor Argelander, M. Luudahl, M. Otto 
Struve, Mr. Galloway, and Sir George Airy. M. Otto 
Strave, by some very refined speculations, deduced not only 
the direction, bat a very near probable valae of the amount ^ 
of the solar motion. By his results, it appears that the sun 
is moving towards a point in the constellation Hercules, 
defined by E. A. 259°, and N. P. D. 65°, with an annual 
velocity of about 0'''3 measured in the arc of a great circle 
for a star at the unit of distance, situated 90° distant from 
the apex of motion. The much more elaborate investigation 
of Sir George Airy and Mr. Dunkin has shown that the 
amount of the solar motion is still subject to great uncertainty. 

298. The late Professor Madler, some years ago, made an 
elaborate attempt to determine the point of the heavens where 
the central body is situated, round which the sun revolves. 
This point he placed in the group of the Pleiades, but his view 
has not met with general acceptance amongst astronomers. 
That group is considerably out of the plane of the milky way, 
a situation, says Sir J. Herschel, which is ^' in itself very im- 
probable, since it is almost inconceivable that any general cir- 
culation can take place out of the plane of the galactic circle." 

299. Thus far we have treated of stars properly so called, 
that is, of celestial objects which, when viewed with tele- 
scopes of the highest power, present to the eye only single 
points of light. But there are scattered in various parts of 
the heavens other objects which never present the image of 
a star, and are seen very differently, according to the power 
of the telescope employed. Such objects are classed under 
the general term nebula. When viewed with telescopes of 
moderate power, such as those in use before the time of Sir 
William Herschel, they present generally the appearance of 
a small nebulous or clouded mass of light. 

800. In the Connaissance des Temps (French Nautical 
Almanack) for 1784, Messier gave a catalogue of 103 nebulaa, 
and those contained in his catalogue have been since generally 
referred to under the numbers assigned by him. In general 
they appeared to him simple nebulous masses, and received 
no farther subdivision. But the powers of Sir William 
Herschel's large reflecting telescopes showed a great variety 
of structure and form of these wonderful objects, and he was 
enabled to resolve all that he discovered in his general sweep 
of the northern heavens into the following classes : — 

1st. Those decidedly resolved into clusters of separate stars. 
2nd, Those which were not wholly resolved, but which 
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Apparently would be by the use of greater optical powers. 
8rd. Those which in his telescopes showed no trace of 
resolution. 4th. Planetary nebulae. 5th. Stellar nebolsB; 
and 6th. Nebulous stars. 
We will devote a few words to each of these classes. 

801. Of the first class a remarkable specimen is Messier 
13, pictured in Sir J. Herschel's '^Outlines of Astronomy." 
It consists of a nearly spherical mass, containing a closely- 
wedged multitude of stars compressed into a space not 
greater than 10' in diameter, with a remarkable condensation 
of numbers and brightness towards the centre. Others of 
this class are of irregular figure, and generally contain fewer 
stars, and have less condensation towards the centre. They 
are mostly found either in or near the milky way. 

802. Of the second class (many of which, imperfectly 
resolved before, have yielded to the powers of Lord Eosse's 
gigantic 6 ft. reflector), the shape is generally round or oval, 
the irregularities of their outlines being probably rendered 
invisible by the distance. 

803. Of the nebulae which are with great difficulty or not 
at all resolved in the most powerful telescopes, the most 
remarkable are the elliptic and the annular. In the elliptic 
the density always increases towards the centre, and the 
excentricities are of every magnitude, some being very flat 
or almost resembling a straight line, and others of veij 
moderate ellipticity. The most remarkable nebula of this 
class is that near r Andromedae (in the girdle), visible to the 
naked eye, and frequently mistaken for a comet.* It was 
observed in America by the late Mr. G. P. Bond, formerly 
Director of the Observatory of Cambridge, near Boston, with 
the great refractor of that establishment, and some very 
remarkable peculiarities of its form, extent, and general 
structure have been elicited by his description. (See Trans. 
American Acad,, vol iii.) 

804. Annular nebula are very rare, but the most remark- 
able specimen is in Lyra, between the stars jS and y of that 
constellation. It consists of an elliptic ring of well-defined 
nebulous light, the axes being nearly as 5 to 4. The central 
vacant space contains traces of nebulous matter, and Lord 
Rosse with the 6 ft. reflector detected a pretty bright star 
not far from the centre, and a few other minute stars. 

* Indeed, there are probably few astronomers, as Sir John Herschel 
remarks, who have not had the misfortune once at least in their lirea 
to make thi3 mistake. It is exactly like a comi^t m>^^'v)X ^\»^* 
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*< In the annnlus there are several minute stars, bnt there 
was still much nebulosity not seen as distinct stars.'' 

805. Planetary nehvXm present circular or slightly oval 
disks, resembling planets, but with different degrees of 
definitions at the borders. Very few of these objects have 
been discovered, and of these the greater number are in the 
southern hemisphere. One of the largest, however, is near 
the star )3 Ursse Majoris, following it in the same parallel by 
about 12'" of B. A. Its apparent diameter is about 2|', which 
would imply a real diameter Seven times greater than the 
orbit of Neptune, even supposing it no farther from us than 
61 Cygni. 

806. Double nebula sometimes occur; and if, as seems 
very probable, they are like physically-connected double 
stars, that is, if they form two distinct systems of countless 
stars, each having its own centre of condensation, yet 
revolving round each other by the tie of gravitation, ima- 
gination quite fails to realise the vastness of the idea thus 
suggested to us. 

807. Nebulous starsy as defined by Sir J. Herschel, consist 
of '^ a sharp and brilliant star, concentrically surrounded by a 
perfectly circular disk or atmosphere of faint light, in some 
cases dying away insensibly on all sides, in others almost 
suddenly terminated." 55 AndromedsB and 8 Canum Vena- 
ticorum are good specimens of this class. Lord Eosse gives a 
most interesting account of a star of the eighth magnitude of 
this class as seen with his 6 ft. reflector. " There is no trace 
of resolvability. The outer ring is seen on a pretty good 
night completely separated from the nucleus surrounding 
the brilliant point or star. . . . There is a small dark space 
to the right of the star which indicates a perforation sixnilar 
to that discovered in some others.'' Of t Ononis the 
characteristics are still more interesting. 

808. Many of the nebulaB viewed by Lord Rosse are 
remarkable for a spiral conformation ; that is, from a point of 
very great condensation nebulous streaks of variable density 
radiate in spiral convolutions, and in a way which denotes 
great regularity in the organisation of the structure. Nos. 
51 and 99 of Messier, which are sketched by his lordship, 
are beautiful specimens. (See-PAii. Trans, for 1850, for 
drawings of the nebulae as seen by Lord Eosse.) 

809. We have now given a passing notice of all the classes 
of nebulea which are visible in the northern hemisphere, but 
there are two remarkable phenomena visible with the naked 
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eye in southern latitudes, called the Magellanic Clouds^ 
which require mention. They are twa cloudy masses of 
light, of a somewhat oval shape, but the larger deviates most 
from the circular form, and exhibits <' the appearance of an 
axis of light, very ill defined, and by no means strongly 
distinguished from the genersd mass, which seems to open 
out at its extremities into somewhat oval sweeps, constituting 
the preceding and following portions of its circumference .... 
When examined through powerful telescopes, the constitution 
of the nebulsB is found to be of astonishing complexity. 
The general ground of both consists of large tracts and 
patches of nebulosity in every stage of resolution, from 
light irresolvable with 18 inches of reflecting aperture, up 
to perfectly separated stars like the milky way, and cluster- 
ing groups sufficiently insulated and condensed to come 
under the designation of irregular, and in some cases pretty 
rich clusters. But, besides these, there are also nebulae in 
abundance, both regular and irregular ; globular clusters in 
every state of condensation ; and objects of a nebulous 
character quite peculiar, and which have no analogy in any 
other part of the heavens."* 

810. We have now completed the plan which was proposed 
at the outset of this work. Beginning with those remark- 
able features and phenomena of the heavens which are 
forced on the attention of every one alike, we have endea- 
voured to trace the successive steps in the reasoning by 
which the diurnal and apparent are separated from the real 
motions of the heavenly bodies. We have then given, as 
fully as our space permits, an account of the operations by 
which the figure and dimensions of our own globe are 
ascertained, and by which it becomes the basis for the 
measurement of the magnitudes and distances of the other 
planets. An account has then been given of those instru- 
ments principally employed for detennining relatively and 
absolutely the positions of the heavenly bodies, and of the 
successive corrections which it is necessary to apply to the 
observed places before they can be rendered avwlable for 
the use of the theoretical astronomer. A specific account 
is then given of the bodies of the solar system, viz., of the 
great centre of attraction, the sun, and of all those bodies 
that revolve round him in elliptical orbits, and in this part 
of the work we have endeavoured to introduce the reader to 

♦ " Outlines of Astronomy " ^, ^\^% 
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some popular notions respecting physical astronomy, or the 
effects of the universal law of gravitation in producing not 
only the motions which rough ohservations of the planets 
exhibit to us, but those minute deviations which only refined 
observations can detect and the most refined and complicated 
analysis can extract as consequences of the general law. 
Lastly, the student has been introduced to a popular view of 
sidereal astronomy, and to the wonders which such telescopes 
as Lord Eosse's have revealed to us. 

If an intelligible idea has been gained of the processes 
and results of astronomical science thus briefly sketched, — 
if the student has learnt at all to appreciate the labours of 
those learned men who have with unwearied industry, each 
in his own department, helped to build up the noble structure 
of the theory of the heavens, such as it is exhibited to the 
more advanced student at present ; but above all, if he has 
learnt to adore more profoundly the infinite wisdom of the 
Almighty Architect who, by his word, created all these won- 
ders that we are lost in contemplating, this little book wiU 
not have been written in vain ; and the author will not regret 
having added one volume more to the list of those handbooks 
of popular astronomy that seem even now too numerous. 
The study of Astronomy, to benefit the reasoning powers of 
the student, must show the nature of the processes by which 
the grander features of the science, which all delight to con- 
template, have been arrived at ; and must at the same time 
point out with some accuracy the boundaries of our know- 
ledge. We deal with a science which abounds in the mar- 
vellous and illimitable. We gird the earth vnih a measuring 
line of indisputable accuracy, and we measure the distances 
and determine the weights of the planets with wonderful 
precision, and we finally enter within the regions of what we 
might have supposed infinite space, and find the distances 
and determine the masses of the stars. But these successive 
steps have been gained by no empirical processes, but by 
the sure yet cautious application of inductive principles. As 
the quantity on which the phenomenon we are seeking 
depends becomes less and less, our jealous scrutiny of all 
the sources of error and delusion in our instruments and 
means of observation becomes greater, and the analytical 
processes by which we extract it from our observations 
become more refined. 

We have endeavoured to familiarise the mind of the 
student with such principles in the Jirst place, and in the 
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second to give a sojQ&cient number of examples of the most 
Interesting facts and phenomena of the science. K the 
principles be understood, a multitude of books will be found 
which will give the results in a more taking and interesting 
form. Our aim has been not to write a merely popular, but 
a useful book, which may serve as an introduction, both to 
such books as Sir J. Herschers *^ Outlines of Astronomy/' 
which embraces the whole subject in a popular shape for 
one class of readers, and for another class to books which 
are devoted to the mathematical and systematic treatment 
of the subject,* 

* Amongst the latter, there is none which holds a higher place 
than that by Mr. Main himself, " Practical and Spherical Astronomy 
for the use chiefly of Students in the Universities," published in 
1863 ; nor can we omit to mention, for its clear exposition of the 
simpler parts of mathematical astronomy, a smaller work by his son, 
Mr. P. T. Main, "An Introduction to Plane Astronomy,'* which 
first appeared in 1861. — Jld. 



APPENDIX. 

ON SPECTRUM ANALYSIS AS APPLIED TO THE HEAVEKLT BODIES. 



1. No Treatise on Descriptive Astronomy could at the 
present time be considered complete without some account 
of what is called spectrum ancdysis. To understand the 
discoveries which have been made in this branch of science, 
the student must be assumed to have some acquaintance 
with physical optics ; but the facts necessary to be known 
are so few and simple that it will be well to devote a few 
lines to them before proceeding to explain the discoveries 
which have been made by their application to the science 
of Astronomy. 

2. Light, as we are commonly conversant with it, is pure 
or white ; that is, the images of objects rendered visible by 
it are ordinarily colourless, if it passes without interruption 
from the object to the eye. If also it be reflected at the 
surface of glass, or any other polished surface, it is colourless, 
as in the case of an object seen in a mirror or looking-glass. 
If, however, the rays be separated by being made to pass through 
glass, or any other transparent substance, before meeting iiie 
eye, the image of an illuminated object is no longer colour- 
less, but spread out or dispersed in a variety of brilliant 
colours. A triangular prism of glass is generally used for 
experiments upon this dispersion of light, and the coloured 
image thus dispersed is called a spectrum. Most persons are 
familiar with the spectrum thus produced by a beam of sun- 
light made to pass through a prism, and from thence upon 
the wall of a room. As, however, each point of the surface 
of the sun sends out a beam of light which forms a separate 
spectrum, considerable confusion would arise in the colours 
thus produced, and no scientific deductions could be made 
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without several preliminary precautions. As the dispersion 
will be produced in a plane perpendicular to the length of 
the prism, light is introduced into a generally darkened 
chamber through a very thin aperture or slit, and the prism 
is laid against it with its sides parallel to its direction. If, 
then, the eye be applied to the prism, or if the images be 
thrown upon the opposite wall of the room (presuming that 
the prism is a good one, that is, made of homogeneous glass 
without strisB or other defects, and with its sides accurately 
plane), the boundaries of the colours of the spectrum can be 
well observed, and even some .of the more dijQficult phenomena, 
with the unaided eye; but for scientific obsei^rations it is 
usual to employ a small telescope furnished with a micro- 
meter for measurement of the different portions of it. 

8. The colours, as given by Newton, which will be seen 
in the ribbon of dispersed light thus produced, are seven, 
namely, red, orange, yellow, green, blue, indigo, and violet, 
of which the red arises from the least refrangible rays, and 
the violet from the most refrangible, the others having a 
calculable refrangibility lying between the extremes. 

4. On a careful examination through the telescope, it will be 
found that the different colours are crossed by a great number 
of dark lines, not absolutely black, but of different degrees 
of blackness. These are called Fraunhofer's lines, from 
the name of the celebrated German optician who first 
accurately observed and measured the position of them in 
the year 1815, though the discovery of them was due in 
the first place to our own countryman, Dr. Wollaston, in 
the year 1802. Some of these lines are more conspicuous 
than others, and Fraunhofer chose eight, which he denomi- 
nated A, B, C, D, E, F, G, and H, with which to compare 
the rest. A, B, and are single dark lines in the red ; D is 
a double line between the orange and the yellow; E is a group 
of fine lines in the green; F is a strongly-marked black 
line in the commencement of the blue ; and G and H are two 
groups of fine lines in the indigo and violet respectively. It 
must be remarked, as important to be remembered, that these 
lines, when sunlight is used, are invariable in their positions 
relatively to the colours of the spectrum. 

5. For many years these dark fines of the solar spectrum led 
to no further discovery, though philosophers were induced to 
speculate on their nature, and their guesses led gradually to 
a better knowledge of their origin. Thus, both Sir John 
Herschel and Sir David Brewster attt\V)\3L\j^^ •OckfiTK^ \5i *^^ 
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absorption of some of the rays ; and, in the year 1882, 3ie 
latter, after passing rays produced from some incandescent 
body through the coloured vapour of nitrous gas, produced a 
vast number of interruptions resembling Fraunhofer's lines. 
Professor Daniell, Professor Miller of Cambridge, and others 
soon proved that those lines depended specifically upon the 
kind of vapour or gas which was employed, and iifterwards 
Professor Wheatstone discovered that the spectra produced 
by incandescent vapours of several of the metals consisted 
of a comparatively small number of detached bright lines, 
separated from each other by wider intervals of darkness. 
He was also enabled to declare, as the result of his re- 
searches, that ** by this mode of examination the metals 
might be distinguished from each other." Other philo- 
sophers, including M. Foucault, Professor Stokes, Professor 
Angstrom, and Dr. Balfour Stewart, were engaged in re- 
searches on this same subject, and were on the totce of the 
great discovery or generahsation which was actually reserved 
for a German physicist, Professor Kirchhoff. 

6. The great truth enunciated by Kirchhoflf, which is the 
basis of all the discoveries which have followed, is this : 
that if a vapour, rendered incandescent by being raised to a 
high temperature, emits rays of certain refrangibilities — ^that 
is, of various definite colours — ^when exhibited in the spectrum, 
the same vapour, when at a lower temperature, will have the 
property of absorbing those particular rays, or of replacing 
them by dark lines in the spectrum. He proved, in fact, 
by making a series of experiments on various gases and 
vapours, that when they are interposed between the eye and 
an incandescent body, they produce a series of dark lines in 
the spectrum, and that the group of dark lines produced by 
each vapour is identical in number and position with the 
group of bright or coloured lines of which the light of the 
vapour consists when it is luminous. 

This great truth was no sooner communicated, in 1859, 
than it was eagerly tested by original inquirers, and by none 
more zealously than by our own countrymen, Mr. (now 
Dr.) Huggins and the late Dr. W. A. Miller. 

7. The principle of the application of the law is very 
obvious. Take, for instance, the case of the solar spectrum. 
The dark lines in it are produced by relatively cold vapours 
intervening between the eye of the observer and the photo- 
sphere of the sun, and these vapours arise from certain 
Babstancea in the sun of which we wish to investigate the 
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nature. We must plainly vaporise by heat the terrestrial 
substances which we wish to compare, and find out, if pos- 
sible, which of the bright lines produced in the spectrum 
are identical in position with some of the dark lines in the 
solar spectrum. To do this, it is necessary that the two 
spectra should be examined together, or £xed in juxtaposition 
with each other ; and in this consists the difficulty of devising 
a suitable apparatus. 

We will describe in Dr. Huggins's own words that form 
of spectroscope which was devised by him for the purposei 
and used for measuring the spectra of the stars. 

8. <' Within the tube or adapter of the telescope (equato- 
rially mounted and driven by clockwork) another tube slides, 
carrying a cylindrical lens. This lens is for the purpose of 
elongating the round point-like image of the star into a short 
line of light, which is made to fall exactly within the jaws 
of a nearly closed slit. Behind this slit an achromatic 
lens, placed at the distance of its own focal length, causes 
the pencils to emerge parallel. They then pass into two 
prisms of dense flint glass. The spectrum which results 
from the decomposition of the light by the prisms is viewed 
through a small achromatic telescope. This telescope is 
provided with a micrometer screw, by which the lines of 
the spectra may be measured. 

" The light of the terrestrial substances which are to be com- 
pared with the stellar spectra is admitted into the prism in 
the following manner : — 

" Over one half of the slit is fixed a small prism, which 
receives the light reflected into it by a movable mirror 
placed above the tube. The mirror faces a clamp of ebonite 
provided with forceps to contain fragments of the metals 
employed. These metals are rendered luminous in the state 
of gas by the intense heat of the sparks from a very power- 
ful induction coil. The light from the spark, reflected into 
the instrument by means of the mirror and the little prism, 
passes on to the prisms in company with that from the star. 

"In the small telescope the two spectra are viewed in 
juxtaposition, so that the coincidence and relative positions < 
of the bright lines in the spectrum of the spark with the 
dark lines in the spectrum of the star can be accurately de- 
termined." 

9. It is proper now to give a short account of the nature of 
the discoveries which have been recently made by means of 
spectrum analysis, and we will commcn^i^ ^w^flsi \Jcka"«*^ ^ss^^^Sv.^ 
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by onr distinguished countryman, Dr. W. Huggins, of Tulse 
Hill, who is second to none in his laborious and successful 
investigations in this branch of science. The best |lopular 
account of his researches, up to the year 1866, is that given 
by himself in his discourse at Nottingham, during the meet- 
ing of the British Association for that year, and we will give 
from it a notice of his discoveries in the various classes of 
the heavenly bodies in the same order as they are given by 
himself. 

10. First, with regard to ihe fixed stars. 

He refers particularly to his observations of some of the 
brightest of them, and selects six, namely, Aldebaran, 
a Orionis, p Pegasi, Sirius, a Lyrse, and Pollux. 

In all of these he detects the presence of sodium and mag- 
nesium ; in five of them, iron ; and in one, barium. But the 
most remarkable are a Orionis and p Pegasi, not for what 
they contain, but for what they do not contain. 

In the spectra of these stars, for instance, there is no dark 
line corresponding to hydrogen ; and Dr. Huggins considers 
this as a very important and interesting fact, since the lines 
C and F, which are absent in these spectra, are highly 
characteristic of the solar spectrum, and of the spectra of by 
far the larger number of the fixed stars to which his observa- 
tions have been extended. " We hardly venture," he says, 
** to suggest that the planets which may surround these suns 
probably resemble them in not possessing the important 
element, hydrogen. To what forms of life could such planets 
be adapted ? Worlds without water ! A power of imagina- 
tion like that possessed by Dante would be needed to people 
such planets with living creatures." 

11. With regard to variable stars, the prism does not 
appear to as yet give much positive information ; but in the 
case of one of them, a Orionis, when at its maximus of 
brilliancy, on February, 1866, Dr. Huggins missed a group 
of dark lines, the exact position of which had been determined 
with great accuracy two years before. 

12. With the phenomena of the variable stars may be 
associated temporary stars, or such as burst out at long 
intervals with sudden brilliancy, and then vanish again or 
become of their former magnitude. 

Such was the star which suddenly burst out in the time of 
Tycho Brahe, and that which appeared in Corona on the 12th 
of May, 1866. Dr. Huggins, together with Dr. W. A. 
MilJer, examined the spectrum of the latter star on the 16th 



TEMPORARY STARS ANJi NEBTTLJB. 167 

of May, when they noticed some exceedingly interesting 
circumstances. The spectrum was found to consist of two 
distinct parts, or rather there were two distinct spectra, one 
of which was formed of four bright lines, and the other was 
analogous to those of the sun and stars. Now the character 
of the spectra with the bright lines shows that it had its 
origin in incandescent gases, and the positions of two of the 
lines showed that one of the gases was hydrogen. 

** These facts, taken in connection with the sudden out- 
burst of the star and its rapid decline in brightness from the 
second to the eighth magnitude in twelve days, suggested the 
startling speculation that the star became suddenly wrapped 
in the flames of burning hydrogen." 

This — if the explanation be correct, which scarcely admits 
of doubt — ^is certainly one of the grandest convulsions of 
nature which the eye of man has been ever permitted to see. 

13. We now pass on to the nebulaB, in which Dr. Huggins 
has for ever set at rest the doubt whether many of them are 
really gaseous substances, as their names and general appear- 
ance seem to denote, or whether they are simply clusters of 
stars seen at too great a distance to admit of being resolved 
by our most powerful telescopes. 

In August, 1864, Dr. Huggins first began the successful 
observations which have for ever settled the nature of these 
bodies. He first applied the spectroscope to a planetary 
nebula, small, but bright, which is designated in Sir W. 
Herschel's list as 87 H, iv. To his surprise he found, 
instead of the usual band of coloured light given by the stars, 
three isolated bright lines only. Now a spectrum of this 
kind, it will be seen from what has preceded, can be pro- 
duced only by light which has emanated from matter in the 
state of gas, and therefore the long-vexed problem of the 
nature of the nebulsB was solved — at least with regard to that 
particular one. The next step was to determine the nature 
of the gas put in evidence by the light ; and by examination 
of the brightest of the lines, it was found to be due to nitrogen, 
and it occurs in the spectrum about midway between b and F 
of the solar spectrum. 

This may suffice to exemplify the processes employed by 
Dr. Huggins. He has continued up to the present time his 
researches upon the nebuIsB ; but, up to the year 1866, he had 
examined sixty of them, of which one-third were found to 
belong to the class of gaseous bodies. ^This is found to be 
strictly in unison with the inference to be di'W«XLi^Q»\£L^<5rt^ 
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Bosse's telescopic observations, as it is fonnd that about half 
of the nebolsB which give a continaons spectriun (that is, 
which consist of non-gaseous bodies) have been resolved by 
Lord Bosse's large reflecting telescope, and abont one-third 
more are probably resolvable ; while, of the gaseons bodies 
(namely, those which show only bright lines in the spectrum), 
none have been certainly resolved. 

14. Before leaving the subject of the stars and nebulas, it 
is proper to mention a very important and interesting dis- 
covery of Huggins with respect to the proper motions of the 
stars. Considering that the colour of any particular part 
of the spectrum depends solely on the refrangibility of the 
rays which form that part, and that the index of refraction 
depends (according to the undulatory theory of light) upon 
the wave-length, or the number of vibrations made in a given 
time, anything which will alter the wave-length or the number 
of vibrations will disturb the position of the separate parts of 
the spectrum, and therefore of the lines of absorption (or 
dark lines), which have always a fixed relation to the colour. 
If, then, a star or other source of b'ght be in rapid motion, it 
is plain that the number of vibrations which reach the eye in 
a given time is altered, and the position of each band or dark 
line in the spectrum of the star will therefore be altered ; 
and the only question is whether the alteration of position 
with regard to the corresponding bright line o ithe heated 
metallic vapour with which it is compared is measurable. 

15. Dr. Huggins has made a great many experiments 
upon Eieveral stars, and believes that he has been successfal 
in assigning a tolerably correct motion to Sirius. The line 
which he examined successfully was the hydrogen line F, 
and the displacement measured indicated a motion of 
recession between the earth and star of 41*4 miles per 
second, and, subtracting from this the amount of the eartii's 
motion from the star in the direction of the visual ray, 
which, by calculation for the time of the observation, 
amounted to about twelve miles per second, there remain 
29*4 miles per second as the velocity of recession of the star. 

16. We have now only to consider the discoveries which 
have been made with regard to comets. 

In 1868, Dr. Huggins examined the periodical comet 

Brorsen at its return that year, and a new comet (ii. 1868) 

discovered by Professor Winnecke in the month of June. The 

spectra exhibited by both comets consisted of three bands 

of light These bands, though in similar parta of the 
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spectrum, differed considerably in position and character. 
The spectrum of shaded bands of Comet II. was found, by 
direct comparison with that of olefiant gas, to be identical in 
refrangibility and in general character with the spectrum of 
carbon. Dr. H.uggins repeated his observations several 
times, and satisfied himself with the true identity of position 
of the lines, and he believes that << the close resemblance of the 
spectrum of the comet to the spectrum of carbon necessarily 
suggests the identity of the substances by which in both 
cases the light was emitted.'' 

Another comet, examined at an earlier period, namely, 
the beginning of 1866, exhibited in the spectroscope two 
spectra — a very faint continuous spectrum of the coma, 
showing that it was visible by reflected light, and a light 
point about the centre, exhibiting the spectrum of the 
nucleus. This latter spectrum shows that the light of the 
nucleus is different from that of the coma, in being self- 
luminous, and its position indicated that the material of the 
comet was similar to the matter of which the gaseous 
nebulsB consist. 

In 1864, the late Donati, of Florence, found that the spec- 
trum of a comet visible in that year consisted of bright lines. 

17. We cannot do better, in concluding this part of the 
subject, than sum up the facts which have been elicited by 
the investigations of Dr. Huggins in his own words : — 

(1.) All the brighter stars, at least, have a structure 
analogous to that of the sun. 

(2.) The stars contain material elements common to the 
sun and earth. 

(3.) The colours of the stars have their origin in the 
chemical constitution of the atmosphere which surrounds them. 

(4.) The changes in brightness of some of the variable 
stars are attended with changes in the lines of absorption of 
the spectra. 

(6.) The phenomena of the star in Corona appear to show 
that, in this object at least, great physical changes are in 
operation. 

(6.) There exist in the heavens true nebulsD. These 
objects consist of luminous gas. 

(7.) The material of comets is very similar to the matter 
of the gaseous nebulae, and may be identical with it. 

(8.) The bright points of the star-clusters may not be in 
all cases stars of the same order as the ^e^«iX«A»^\i\:\^[i5^ '^'^t^* 

18. Dr. Hoggins has, however, nol a\\.o^^\)Si^x <iQ>\iJaxi^^\:cs.^ 

I 
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investigations to the stars, nebulae, and comets. He has made 
many valuable observations of the surface of the sun, the 
moon, and the large planets. By these observations we 
have better information than was before possessed of the 
nature of the atmospheres of the planetary bodies, though it 
is on the whole of a negative character. 

The spectra of various parts of the moon's surface, when 
examined under different conditions of illumination, showed 
no indications of an atmosphere. 

In the spectrum of Jupiter lines are seen which indicate 
the existence of an absorptive atmosphere, but they are very 
few. 

The spectrum of Saturn is feeble, but lines similar to those 
which distinguish the spectrum of Jupiter have been detected. 

On one occasion some remarkable groups of lines were 
seen in the more refrangible part of the spectrum of Mars. 
These may be connected with the red colour which distin- 
guishes the planet. 

No additional lines were detected in the spectrum of Venus, 
affording indication of an atmosphere. This is probably 
owing, as in the case of some of the other planets, to the 
circumstance that the light is reflected, not from the plane- 
tary surface, but from clouds at some elevation above.it. 

19. While these interesting investigations, attended with 
such important discoveries, were being made by Mr. Huggins, 
other physicists had not been idle, and discoveries with 
respect to the surface of the sun had been made, of very 
great importance. 

The two most successful investigators have been Mr, J. 
Norman Lockyer in England, and M. Janssen in France. 
Mr. Lockyer has been engaged for some years in spectro- 
scopic examination of the sun, and the results of his 
investigations are given in various papers communicated to 
the Royal Society, and to the French Academy of Sciences. 
As summed up by himself, they are : — 

(1.) The determination of the exact positions and number 
of the bright lines observed in the red flames, the phenomena 
which characterise them, and the substance of which they 
are principally composed. 

(2.) The determination of the fact that the red flames are 
merely local hcapings up of an envelope which is continuous 
round the sun. 

(8.) The approximate determination of the pressores 
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existent in the prominences and at the bottom of the con- 
tinuous envelope. 

(4.) A discussion of the bearing of these discoveries on the 
received theory of the physical constitution of the sun. 

20. The most remarkable discovery, however, which is to 
be mentioned in this department of spectroscopic investigation 
is that of devising means for observing the red prominences, 
which have been usually seen only -during total eclipses 
round the sun's disk, at ordinary times. This discovery was 
made independently by Mr. Lockyer and M. Janssen, the 
former having the priority of idea, and the second of the 
actual discovery. At the close of a paper communicated to 
the Eoyal Society in 1866, Mr. Lockyer suggests that the 
spectroscope might be made to afford evidence of the existence 
of the red flames, though they escape all other methods of 
investigation, and, in the beginning of 1867, he made appli- 
cation to the administrators of the Government Grant Fund 
of the Eoyal Society for a more powerful spectroscope. The 
request was complied with, but the spectroscope was not 
completed and delivered to Mr. Lockyer till October 16, 
1868. The success was complete on the first day when he 
began to work with it, namely, October 20, and he was 
enabled at once to determine that the prominences consisted 
of hydrogen, by the absolute coincidence of two of the bright 
lines with the Fraunhofer lines C and F. 

21. In the meanwhile the same discovery was made by 
M. Janssen on the day immediately following the eclipse of 
August 17-18th, 1868, namely, on the morning of the 19th ; 
and he was enabled not only to see the bright lines in the 
spectrum of the prominences, but to give a graphical 
representation of their size and shape. 

M. Janssen observed at Guntoor, as has been already 
mentioned in a former part of this book, and his letter, 
containing an account of all his observations on that occasion, 
as well as of this discovery, was received by the French 
Academy a few minutes after Mr. Lockyer' s communication 
had been handed to the president of that body. 

M. Janssen sums up his investigations with regard to the 
red prominences as follows : — 

(1.) That the luminous protuberances observed during 
total eclipses belong incontestably to the circumsolar regions. 

(2.) That these bodies are formed of incandescent hydro- 
gen, and that this gas predominates, if it does not form the 
exclusive composition of them. 
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(8.) That these circnmsolar bodies are the seat of move- 
ments of which no terrestrial phenomena can give any idea 
— masses of matter, of which the volume is several hundred 
times greater than that of the earth, being displaced and 
completely changing their form in the space of a few 
minutes. 

22. It is hoped that the preceding sketch of the brilliant 
discoveries which have been recently made in astronomy by 
means of spectrum analysis will be serviceable to the student, 
in introducing him to this interesting branch of scientific 
investigation, and inducing him to read the original records 
of the observers who have so successfully prosecuted it.* 

* These are contained in ever-increasing numbers in the publica- 
tions and transactions of different learned societies, and space utterly 
fails to call attention to any in particular. Indeed so greatly has this 
branch of astronomy been extended since the above Appendix was 
written that it has almost become a science of itself, and has had 
several whole works devoted to it, amongst which we may specially 
name Schellen's ''Die Spectralanalyse," translated by Uie Misses 
Lassell, daughters of the late great astronomer. 

After much consideration we have thought it best to leave practic- 
ally untouched Mr. Main's clear exposition of the first principles of 
the subject, and not enter upon its later developments, which are 
scarcely suited to the elementary character of this little work. We 
may just mention, however, that Dr. Huggins has extended his in- 
vestigations into the motions of approach and recession of other stars 
besides Sirius, and that his results have been essentially confirmed by 
the observations made at Greenwich by the present Astronomer Royal, 
Mr. Christie, and by Mr. Maunder, Superintendent of the Physical 
Department at the Royal Observatory. — Ed. 
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SUPPLEMENTARY NOTE. 

Whilst these revised sheets were passing through the press, 
two more small planets were discovered ; the first by Dr. 
Palisa, at Vienna, on July 19th ; the second by M. Paul 
Henry, at Paris, on August 12th. Besides our Earth, there 
are now known, therefore, eight large, and two hundred and 
twenty-seven small, primary planets; besides our Moon, 
nineteen satellites or secondary planets, revolving round five 
of the former. 

A total eclipse of the Sun was observed in Egypt on the 
17th of May, and further interesting observations were made 
bearing on the nature of the so-called corona which is seem 
to surround the Sun on these occasions. A very interesting 
circumstance of that eclipse was the discovery of a comet 
seen close to the Sun, whilst totally eclipsed, which had not 
been observed before, and has not been seen since. 

Great attention is of course now being directed to the 
approaching transit of Venus on the 6th of next December, 
preparations being nearly completed for observing it by the 
astronomers of different countries. Only the ingress and the 
first part of the transit will be visible in England ; the whole 
transit will be visible over nearly the whole of the American 
continent. When the observations are collected, discussed, 
and compared with those made in 1874, it wHl probably be 
possible to obtain a more accurate determination of the Sun*s 
parallax and distance than has yet been made. No other 
transit of Venus will occur until June 8th, 2004. 

W. T. L. 

Blachheathy August I7th, 1882. 

^^* As some of our readers may wish for a more detailed 
account of astronomical instruments and their modes of use 
than Mr. Main's space allowed him to give, we may refer 
them to Mr. Heather's work on ** Surveying and Astrono- 
mical Instruments,'* forming No. 170 of this ^«t\a^ ^i "^j^iS&r 
mentax7 Treatises. 
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Church Restoration. With the Theory of Domes and the Great Pyramid, 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. Second Edition, 
enlarged, 4s. 6d.t 

Ths X indicates that these vols, may be had strongly bound at 6d. extra, 
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Architecture, Building, etc., continued. 

226. THE JOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural Works (A 
Practiced Treatise on). With especial reference to those wrought by Aili- 
ficcrs in Erecting and Finishing Habitable Structures. By Wyvbll J. 
Christy, Architect and Surveyor. With upwards of One Hun<ired and Siitf 
Engravings on Wood. 3s. t [yttst publuked, 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

(An Elementary Treatise on). Deduced chiefly from the Works of Robisoo, 
Tredgold, and Humber. By E. Wynduam Tarn, M.A., Architect. Witk 
numerous Illustrations, is. 6d. [yusi puhlisked, 

229. ELEMENTARY DECORATION : A Guide to the Simpler 

Forms of Everyday Art, as applied to the Interior and Exterior Decoiatioa 
of Dwelling-Houses, 8cc. By Jambs W. Facby, Tun. Illustrated wiA 
Sixty-eight explanatory Engravings, principally from Designs bv ^ 
Author. 2S. {.Jtisi Published. 

230. HANDRAILING (A Practical Treatise on). Showing New and 

Simple Methods for finding the Pitch of the Plank, Drawing the Moiddii 
Bevelling, Jointing- up, and Squaring the Wreath, ^y George Colunos. 
Illustrated with Plates and Diagrams. • xs. 6d« [yusi publish^ 

CIVIL ENGINEERING, ETC. 

219. CIVIL ENGINEERING. By Henry Law, M.Inst C.E. 
Including a Treatise on Hydrauuc Engineering by Geo. R. Bdrnbu, 
M.Inst.C.E. Sixth Edition, revised, with Large Additions on Rscbkt 
Practice in Civil Engineering, by D. Ktnnear Clark, M.Inst. C.E., 
Author of " Tramways : Their Construction," 8cc. 6s. 6d., Cloth boards, 7s. 6d. 

31. WELL-DIGGING, BORING, AND PUMP-WORK. ByJOHM 
George Swindell, A.R.I.B. A. New Edition, by G. R. Burnbll, C.E. xs. 6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridget. 
By Gen. Sir John Burgoyne, Bart., K.C.B. Illustrated, xs. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
structions on the Science of. By Sir M. Stephenson, C.E. New Edition. 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 

80*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examplef 
and Particulars of actual Emhantunents, &c. By J. Wiggins, F.G.S. as. 
81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinety 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition. 4s4 

117. SUBTERRANEOUS SURVEYING, an Elementary and PSc- 
tical Treatise on. By Thomas Fbnwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated, as. 6d.t 

ri8. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 
of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams, ts. 

197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts : I. The Art of Constructing Common Roads, by Hbnkt 
Law, C.E., revised by D. K. Clark, CE. ; II. Recent Practice, mclading 
pavements of Stone, Wood, and Asphalte, by D. K. Clark, as. 6d.^ 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — z. Some of the more Common Forms o( 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. By Charles 
Slagg, A.I.C.E. 2s. 6d.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by SamuiL 
Hughes, C.£. Sixth Edition, re-written and much Enlarged by William 
Richards, C.E. With 72 Illustrations. 4s. 6d.J 

213. PIONEER ENGINEERING. K Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coan- 
tries. By Edward Dobson, Assoc. Inst C.E. 4s. 6d.t 

The t indicates that these vols, may be had strongly bound at 6d. ex/ru, 
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MECHANICAL ENGINEERING, ETC. 

33. CRANESf the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
TosBPH Glynn, F.R.S., &c. Illustrated, is. 6d. 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated, is. 6d. 
59. STEAM BOILERS : their Construction and Management. By 

R. Armstrong, C.E. Illustrated, xs. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 

on. By Sir Edmund Brckktt (late Edmund Beckett Denison), LL.D., Q.C. 

A New, Revised, and considerably Enlarged Edition (the 6th), with very 

numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards, gilt. 
82. THE POWER OF WATER, as appUed to drive Flour MiUs, 

and to g^ve motion to Turbines and other Hydrostatic Engines. By Joseph 

Glynn, F.R.S., &c. New Edition, Illustrated. 2s4 
98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker, C.E. With Additions by J. Nasmyth, C.E. 2s. 6d.* 
39. THE STEAM ENGINE, a Treatise on the Mathematical Theoiy 

of, with Rules and Examples for Practical Men. By T. Baker, C.E. xs. 6d. 
62. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern -Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, 8ec. With copious Receipts, &c. By Walter Graham. 2s.^ 

64. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, 8cc., 8tc. By J. G. Winton. Illustrated. 3s. t 

65. IRON AND HEAT, exhibiting the JPrinciples concerned in the 
.; Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
■ Heat in the Smelting Furnace. By J. Armour, C.E. 2s. 6d.t 

66. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.i 

67. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
71. THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6d.t 
90. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. Being an extension of Mr. John Sewell's " Treatise on Steam." 

By D. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6d.:t 
200. Fuel, its Combustion and Economy. By C. W. Williams, 

A.I.C.E. With extensive additions on Recent Practice in the Combustion 

and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, 8cc.— by D. K. 

Clark, M.I.C.E. 2nd Edition. 3s. 6d.t 
202. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; with 

large additions by D. Kinnear Clark, M.I.C.E. 3S.I: 
211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 

plating, and Calculating Boiler and Tank Work. By John Courtney, 

Practical Boiler Maker. Edited by D. K. Clark, C.E. 100 Illustrations. 2s. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. 3s.t {Just published. 

217. SEWING MACHINERY : a Manual of the Sewing Machine; 



comprising its Construction, History, &c., with full Technical Directions 
for Adjusting, 8tc. By J. W. Urquhart, C.E. 2s. t 

223. MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Campin, C.E. 2s. 6d.t 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive, containing full information of the various Trades and Processes 
involved, with Hints on the proper Keeping of Carriages. By J. W. 
BUROBSS. 2S. 6d.t 

PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated. 2s. 6d.t [J usi published. 
The X indicates that these vols, may be had strongly bound at ^. extra. 



7, STATIONERS* HALL COURT, IXDGKI^ "ftWA*, ^-^^ 



WE ale's rudimentary series. 



SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 
51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 

tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. By 
J[ames Peaks, School of Naval Architecture, H.M. Dockyard, Portsmoatli. 
<'ourth Edition, corrected, with Plates and Diagrams. 3s. 60.^ 

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Elemcntaiy 
and Practical Principles of the Construction of. By Hakokt A. Sommbk- 
FELDT, Surveyor of the Royal Norwegian Navy, With an Appendix. xs.6d. 

53 * ». AN ATLAS OFENGRA VINGS to Illustrate the above. Twelve 

larcfe foldine plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Rudimentary Treatise on. Also Tables of Spars, Rigging, Blocks : Chain, 
Wire, and Hemp Ropes, &c., relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Robset 
Kipping, N.A. Fourteenth Edition. Illustrated. 2S.^ 
54*. IRON SHIP-BUILDING, With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders.^ By John Grantham, Cob* 
suiting Engineer and Naval Architect, sth Edition, with Additions. 4s. 
54**. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigatei 
"Warrior," "Hercules,^' " Bellerophon ; " H.M. Troop Ship "Scrapis," 
Iron Floating Dock, &c., 8cc. Ato, boards. 38s. 

55. THE SAILOR* S SEA BOOK: a Rudimentary Treatise on 

Navigation. Part I. How to Keep the Log and Work it oflF. Part II. On 
Finding the Latitude and Longitude. By James Greenwood. B.A. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing; the International (Commercial) Code of Signals : the Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law o( 
Storms ; and a Brief Dictionary of Sea Terms. With numerous Woodcuts 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged 
edition. By W. H. KossER. 2S. 6d.t 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, CE^ 
Engineer- Surveyor to the Board of Trade. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Sevenft 
Edition, revised and enlarged. Illustrated. 3s4 

835^. THE FORMS OF SHIPS AND BOATS: Hints, Experiment, 
ally Derived, on some of the Principles regulating Ship-building. By W. 
Bland. Seventh Edition, revised, with numerous Illustrations and Models.x8.6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Thcoiy 
and Practice. With Attempts to facilitate the Finding of the Time and the 
Longitude at Sea. By J. R. Young, formerly Professor of Mathonatics is 
Belfast College. Illustrated. 2s. 6d. 

icx)*. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. K. 
YouNO. IS. 6d. 
106. SHIPS* ANCHORS, a Treatise on. By G. Cotskll, N.A. is. 6d. 
i.,q. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weight' 
and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, Bic^ikC 
Eleventh Edition, enlarj^ed, with an Appendix. By Robert Kipping. NJL, 
Sailmaker, Quayside, Newcastle. Illustrated. 2s. 6d.t 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. M'Carthy, late of the Ordnance Sur\'ey Office, Southampton, ts. 

55 PRACTICAL NAVIGATION, Consisting of The Sailor's 
& Sea- Book. \\y Jambs Greenwood and W. H. Rossbr. Together with 

.^ . the requisite Mathematical and Nautical Tables for the Working of the 

^"^' Problems. By Hknry Law, C.E., and J. R. Young, formerly l^fessor o( 
IMathematics m Belfast College. Illustrated with numerous Wood Engrav- 
ings and Coloured Plates. 7s. Strongly half*bound in leather. 

fS-yr" T/ie t t'udicaies ihat these vols, may he had sfroMjjfy bound at 6d. extra. 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY, for the Use of Beginners. By Professor George 

FowNBS, F.R.S. With an Appendix on the Application of Chemistry to 
Agricultnre. is. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, xs. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Flates. js.t 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science) and their Applica- 
tions. By Charles Tomlinson. Illustrated, xs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S,, 8cc. With Additions hy R. Sabinb, CE., F.S.A. xs. 6d. 
7», GAL VANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robert Sabinb, C.E., F.S. A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 




Manoal of Electricity," 8tc., &c. With 165 Woodcuts. 3s. 6d4 

II. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C .£., F.S.A. 38. 

la. PNEUMATICS, for the Use of Beginners. By Charles 

ToMUNSON. Illustrated, xs. 6d. 
72. MANUAL OF THE MOLLUSC A ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. , . - 

ng**, PHOTOGRAPHY, Popular Treatise on; with a Descnption of 
the Stereoscope, 8cc. Translated from the French of D. Van Monckhovbn, 
by W. H. Thornthwaite, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S.,.&c. 

New Edition, with an Appendix on " Spectrum Analysis." Woodcuts, is. 6d, 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and ' 
Central Forces. By T. Baker, C.E. is. 6d. 
138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide t« Candidates for Employ- 
ment in the Teleirraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL 'TCLEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt, Indian Gov. Telegraphs. 3s.* 

143. EXPERIMENTAL ESSAYS. By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of the Modem Theory of Dew. Woodcuts, is. 

173. PHYSICAL GEOLOGY, partlv based on Major-General Port- 

i,ocK»s " Rudiments of Geology.^' By Ralph Tatb, A.L.S., «tc. Woodcuts, as. 

174. HISTORICAL GEOLOGY, parUy based on Major-General 

Portlock's" Rudiments." By Ralph Tatb, A.L.Sy 8cc. Woodcuts. 2s. 6d. 

173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

& Historical. Partly based on Major-General Portlock's ** Rudiments of 

174. Geology." By Ralph Tatb, A.L.S., F.G.S., 8cc. In One Volume. 48- od.1 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 
& formerly Professor of Natural Philosophy and Astronomy in University 

_Q. College, Lond. With 520 Illustrations. In One Vol. 78. 6d., cloth boards. 

' ^* %» Sold also in Tvao Parts, as follows .— 

183. AmMAL Physics. By Dr. Lardnbr. Part I., Chapters l-— ^11. 4s. 

184. Animal Physics. By Dr. Lardnbr. Part II., Chapters VIII.— XVIlu »» 



The X indicates thai these vols, may be had strongly bound at ^. extra. 
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MINING, METALLURGY, ETC 
117. SUBTERRANEOUS SURVEYING, Elementary and Practial 
Treatise on, with and without the Ma|[netic Needle. By Thomas FbhwuIi 
Surveyor of Mines, and Thomas Baker, C.£. Blostrated. 25. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Allojs. 
By Robert H. Lamborn, Ph.D. Wooacuts. as. 6d.t 

134. METALLURGY OF SILVER AND LEAD, A Description 

of the Ores ; their Assay and Treatment, and valuable Constitaents. By Dr. 
R. H. Lamborn. Woodcuts. 2s. 6d4 

135. ELECTRO-METALLURGY; Practically Treated. By AiK- 

ANDER Watt, F.R.S.SJl. 7th Edition, revised, with important additioBi, 
including the Electro- Deposition of Nickel, &c. Woodcuts. 3s.t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans, ss. 6d.t 
172* MINING TOOLS, ATLAS of Engravings to Illustrate the aboff, 
containing 235 Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 6t. 

776. METALLURGY OF IRON. Containing History of Iron Manu- 
facture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. 4th Bdition. 4s. 6d.t 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised asd 
enlarged. With numerous Illustrations. 3s. 6d.t [Jusi Publuhed, 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuiny Mineral 
Properties. By William Lintrrn, Alining and Civil Engineer. 3s. 6d.| 

214. SLATE AND SLATE QUARRYING, Scientific, Prsictical, and 

Commercial. By D. C. Davies, F.G.S., Mining Engineer, &c. With 
Tiumorous Illustrations and Folding Plates. 3s.t 

215. THE GOLDSMITHS HANDBOOK, containing full Instnic. 
tions for the Alloying and Working of Gold. By George E. Geb, Goldsmith 
and Silversmith. Second Edition, considerably enlarged. i^.%[yusi published. 

225. THE SILVERSMITH'S HANDBOOK, containing fiiU In- 
structions for the Allosring and Working of Silver. By Gborgb E. Geb. js.t 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By William Lintekk, 
Mining and Civil Engineer and Surveyor. 2s. {^ust published, 

FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 

Students and Amateurs in Architecture, Painting, 8cc. By Gborgb Pvnb. is. 

40 GLASS STAINING, AND THE ART OF PAINTING 019 

& 41, GLASS. From the German of Dr. Gbssert and Emanuel Otto From- 

BKRG. With an Appendix on The Art of Enamelling. 2s. 6d. 
69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spbncbr. 2s. 6d. 
71. PIANOFORTE, The Art of Playing the. WiOi numerous Exer- 

cises & Lessons from the Best Masters. By Charles Child Spbncbr. js.6d. 
69-71. MUSIC AND THE PIANOFORTE, In one volume. Half 

bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, includmg Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Painting on Ivor>-, Vellum. Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress ot the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Fourth Edition, revised and enlarged. $%.% 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, 8tc. js.t 

The % indicates that these vols, may be had strongly bound ai 6d. mxira. 
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AGRICULTURE, GARDENING, ETC. 

66. CLAY LANDS ^ LOAMY SOILS, By Prof. Donaldson, is. 

131. MILLER'S, MERCHANTS, AND FARMER'S READY 

RECKONER, for ascertaining at sight the value of any quantity of Com, 

from One Bushel to One Hundred Quarters, at any given price, from j^x to 

:^ per Qr. With approximate values of Millstones, Millwork, 8cc. zs. 

140. SOILS, MANURES, AND CROPS, (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING <&• FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines op Modern Farming.) By R. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines OF Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OP Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outunbs op Modbrn 
Farming.) By R. Scott Burn. Woodcuts. 2s. bd. 
\* Nos. 140-X-2-5-6, m One Vol., handsomely half-bound, entitled "Outlines op 
Modern Farming." By Robert Scott Burn. Price z2s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s, 6d.J 

198. SHEEP: THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fourth Edition, 
enlarged, including Specimens of New and Improved Breeds. 3s. 6d.t 

201. KITCHEN GARDENING MADE EASY, Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, with full cultural directions, &c. By George M. F. 
Glenny. zs. 6d.t 

207. OUTLINES OF FARM MANAGEMENT, and the Organu 

tatt'on of Farm Labour: Treating of the General Work of the Farm ; Field 
and Live Stock ; Details of Contract Work ; Specialities of Labour, &c., &c. 
By Robert Scott Burn. 2s. 6d.j 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, 8cc. By R. Scott Burn. 2s. 6d.1: 
%• Noi. 207 6- 208 in One Vol., handsomely half -hound, entitled " Outlines of 
Landed Estates and Farm Management." By R. Scott Burn. Price 6s, 

209. THE TREE PLANTER AND PLANT PROPAGATOR, 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, Pot-Herbs, &c. By Samuel Wood. 
Illustrate. 2S.1: 

210. THE TREE PRUNER. A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2s.t 
%• Nos, 209 6- 2ZO tn One Vol., handsomelv half-bound, entitled '* The Tree 
Planter, Propagator and Pruner.'^ By Samuel Wood. Price 5*. 

219. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c., 
forming a complete Calculator and Ready- Reckoner, especially adapted to 
persons connected with Agriculture. Fourth Edition. By John Steele. 2s. 

222. SUBURBAN FARMING, The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. By Prof. John Donaldson and R. Scott Burn, 3s. 6d.t 

331. THE ART OF GRAFTING AND BUDDING, By Charles 

Baltet. With Illustrations. 2s. 6d.t [Just published. 

232. COTTAGE GARDENING ; or, Flowers, Fruits, and Vegetables 



for Small Gardens. By E. Hobday, is. 6d. [Just published. 

233. GARDEN RECEIPTS, Edited by Charles W. QuiN. is.6d, 

[Just published, 
09* The t indicates that these vols, may be had strongly bound at td. extra, 
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10 WEALE'S RUDIMENTARY SERIES. 

ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjusting^, and Using them 
are concisely Explained. By T. F. Hbather, M.A., of the Royal Military 
Academy, Woolwich. Original Edition, in x vol., Illustrated, is. 6d. 
•«* In ordering the above, be careful to say^ " Original Edition '* {No. 32), fo disttH' 
gutsh it from, the Enlarged Edition in 3 vols. {Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranged for the Use of jSchools and 
Private Students ; also for Practical Land Surveyors and Engineers. By 
T. Baker, C.E. New Edition, revised by Edward Nucbnt, C.E. HIos- 
trated with Plates and Diagrams. 2S.^ 

ei* . RE ADY RECKONER FOR THE ADMEASUREMENT OF 

LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2s. 6d. tO;^z per acre, and 
Tables for the Valuation of Land, from is. to ;^z,ooo per acre, and from one 
pole to two thousand acres in extent, &c., &c. is. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementary TreaUse on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGB. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application ot Descriptive Greometry to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By J. F. Heather, M.A. [In prepamtion, 

*^ The above three volumes will form a Complete Elembntary Coursb or 

Mathematical Drawing. 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English, French, Italian, and German. By James Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. B;^ J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, is. 6d. 

84*. A Key to the above, containing Solutions in frdl to the Exercises, togethet 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By.j; R. Young, xs. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
gc*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hifslbv. ss. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2S. 
8C*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc 
tion. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

80. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d4 

•«• Sold also separately, viz, : — *" 
88. Euclid, The First Three Books. By Henry Law, C.E. it. 6d. 
8pu Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d. 

^^ 7"Ae t /'ndtcafes ihai these vols, may be had strongly bound at ^. extra. 
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WEALE's rudimentary series. II 

Arithmetic, Geometry, Mathematics, etc., continued, 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
King's College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College, as.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR F, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. is. 
%• Or with " The Elements of Plane Trigonometry" in One Volume^ 2S, 6d. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by £. Nugent, C.E. Illustrated, is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMERSHAM Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, is. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

Woolhouse, F.R.A.S^ &c. is. 6d. 
105. MNEMONICAL LESSONS. — Geou^ky, Algebra, and 

Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas 
Penvngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James Haddon, M.A. Revised by Abraham Arman. 
is. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A., late of the Royal 
Military Academy, Woolwich, Author of " Descriptive Geometry," &c., &c. 
Illustrated, is. 6a. 

169. OPTICAL INSTRUMENTS, Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photogfraphy. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By T> F. Heather, M.A. Illustrated, is. 6d. 
'i»* The above three volumes form an enlargement of the Author's original 'work, 
^^ Mathematical Instruments: their Constructioft, Adjustment, Testing, andUse, 
the Thirteenth Edition of which is on sale, ^rice is. 6d. {See No. 32 in the Series.) 

i6S.^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 
169. y M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
170.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoarb, C.E. With a 
Slide Rule in tuck of cover. 2S. 6d.t 

185. THE COMPLETE MEASURER; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, Square-sided, Octagonal- 
sided, Round Timber and Stone, and Standing Timber. With a Tabic 
showing the solidity of hewn or eight-sided timber, or of any octagonal - 
sided column. Compiled for Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Fourth 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUL 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By FSdor Thoman. 43.$ 

The X indicates that these vols, may be had strongly bound at 6d. extra. 
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MISCEIXAHEOUS YOLUM ES, 

36. A DICTIOyfART OF TERMS used at ARCHITECTURE^ 
BVrLDf^O, E:S*'GOfBERI?*'G, JfZyryG, METAI^CRGY^ARCBM- 
OLOGY, tie FlJiE ARTS^ crc %v Jobs Wiuu. Fdxk Stfitiaa. Revised 
I17 "kAwact ficsnr. F.RS.. Kaecer ac Mining R^t-nntfc. Xamerous lOas- 
tvaSUMU. 53. docii. Hmn ; 6s. ciudi boards. 

50W T^^ LAW OP CONTRACTS FOR WOR£S AXD SER- 
VICES. Bv XiXTSi. Gosaorfs. Tliixd E£con. enlarged, js^ 
III, MANUAL OF DOMESTIC MEDICINE. By R. GooonfG, 

BJL, 3f.D, Ittseaded as a Faauly Gtxide in all Cases of AcciriSret aad 

lf2«. MANAGEMENT OP HEALTH. A Mazmal of Home and 

Per»»ial HTSpeae. By die Kev. Jxns Baiktv B JL u. 
f 50. LOGIC^ Pctre and Applied. Bv S. H. Ijocexs. is. 6d. 
15V SELECTIONS PROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING, Widi Notes bj S. H. Ehmecs. ss. 
154, GENERAL HINTS TO EMIGRANTS. Containing Notices 

of tb« irtxicnu Ytelda for Eoumtioa. Widi Hints on Pjreparatum for 

EAffratfiif , Oatfits, &c^ tec. with IKrectxoos and Recipes nsefol to tiie 

Efflf crant. With a Mm o€ the World. ». 
157, r/TiS EMIGRANTS GUIDE TO NATAL. By Robert 

Jamm MAWtf F.R.A^S.y F.M.S. Second Edition, caiefiBlly corrected to 

the pr«Mnt Date. Map. 2s. 

193, HANDBOOK OP FIELD FORTIFICATION, intended forthe 

Guidance of Officers Preparing for Promotion, and especiany adapted to tiie 
reqnirements of Betpnners. By Major W. W. KNOLLYS, F JI.G.S., 93rd 
ffntherland Hi/rhlanden, See. with 163 Woodcuts. is.t 

194, THE HOUSE MANAGER: Being a Guide to Honsekeemng. 

Practical Cookery, Picklinr and Preserving, Household Work. Dairy 
MMniiffmnefit, the Table ana Dessert, Cellarage of Wines, Horae-orewing 
and Winfi'mftkingf the Boudoir and Dressing-room, Travelling, Stable 
Kroftrnnv, G«rdentng Operations, &c. By An Old Housbkekpbr. 3s. 6d.t 

f 04 . NOUS/i BOOK {77ie). Comprising :— I. The House Manager. 
\\1, f|y nn Oi.ri Ifoi'AKKKRrKR. II. Dombstic MEoiaNE. By Ralph GooDiNo, 
«. M<l). III. Mamaobmrnt op Hbalth. By Jambs Bairo. In One Vol., 
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weale's educational and classical series. 13 
EDTTCATIOX AL AXD CLASS ICAL SERIES. 

HISTORY. 

I. England, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. By 
WiLUAM Douglas Hamilton, F.S.A.. of Her Majesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamilton. 
of University College, London, and Edward Lbvibn, M.A., of BalliOk 
College, Oxford. 2s. 6d. ; cloth Doards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earhest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvibn, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation oi the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. £. Rand. is. 

ENGLISH LANGUAGE AND MISGELLANEOUS- 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarkb, D.C.L. Fourth Edition, zs. 6d. 
II*. Philology ! Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hydb Clarkb, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above zoo,ooo Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., 5s. 6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the, Study of Grammar. By Justin Brbnan. 
17th Edition, is. 6d. 

49. Derivative Spelling- Book: Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Si>anish, 
and other Languages ; with their present Acceptation and Pronuncia,tton. 
By J. RowBOTHAM, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar- General and Professor at the 
Sorbonne. Translatedfrom the French. 7th Edition, carefully corrected. 2s. 6d. 

52. Mining and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Coluns, F.G.S., Lecturer to 
the Miners' Association of Cornwall and!'^Devon. is. 

53- Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. is. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and Gborgb E. Wbbstbr. as. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A, R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector 
of Schools. 

Introductory Primbr, id, 

t, a. 
Fourth Standard • . . i a 
Fifth „ ... 1 6 

Sixth „ ... 1 6 

Lbssons from thb Biblb. Part I. Old Testament, is. 
Lbssons from thb Biblb. Part II. New Testament, to which is added 
Thb Gbography of thb Biblb, for very young Children. By Rev. C. 
Thornton Forstbr. is. ad. %* Or the Two Parts in One VoIutoa^^j*^ 



s. d. 

First Standard . .06 
Sbcond „ . . o 10 

Third „ . . i 
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14. Greek Grammar, in accordance with tibe Aindples and Fliik)- 

lofpcal Rewazchcs of the most rmiawit Scliolan of our cwn day. B7 Habs 
Clacdb Hamiltox. is. cd. 

15,17. Greek Lexicon. Containing all the Woids in General Use, with 

their SlgTuhczxioas, laflectioos, and Doubcfal Qaantities. By Hsket R. 
Haxilto!*. Vol. I. Grcek-Eo^ish, as. 6d. ; VoL x. Eaciiak-Greek, as. Or 
the Two Vols, a Oae, 4S.6d. : dotfa boards, Sk 

r 4.15. Greek Lexicon (as abore). Complete, with the Gkammab, in 

17. One VoL, cloth boards, 68. 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts firom Classical Anthois, 

with Genealogical Vocabularies and Explanatocy Notes, byH. Todxo. Ne« 
EiUtion, with an iwproved and enlaised SoppleaMntaiy VocabalarT. by loin 
HcTCHisox, M.A., of the High School, (Haf^row. is. 6d. " ' •* 

2, 3. Xenophon's Anabasis; or. The Retzeatof the Ten Thoosmd. 

Notes and a Geographical Register, bj H. Youxc F^ut i. Books L to iu^ 
IS. Part 2. Books ir. to vii., is. 

4. Lucian's Select Dialogues. The Text carefolbr lerised, wit> 

Grammatical and Explanatory Notes, fay H. Youmg. n. 6d. 
5-12. Homer, The Works of. According to the Text of Basuulxin. 

With Notes, Critical and Explanatory, drawn finom the best and latest 

Authorities, with Prdiminary Obsenraticms and Appendices, by T. H. L. 

Lbakt, ma., D.CL. 

Thb Iuao : Part i. Books i. to vi., is.6d. Fart 3. Books xiii. to xviii., n. 6d. 

Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxir., is. 6d. 

Tm Odtssbt : Part i. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Books vii. to xii., IS. 6d. Part 4. Books xix. to xxiv., and 

Hymns, 2s. 
13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phxdo. From the Text of C. F. Hermann. Edited widi Notes, Critical 
and Explanatory, by the Rev. Jambs Daviks, M.A. ss. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisfokd. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lkary, M.A., D.CL. 

Part I. Books i., ii. (The Clio and Enteipe), ts. 

Part 2. Books iii., iv. (The Thalia and Melpomene)^. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), ss. 

Part 4. Books viii., ix. (The Urania and Callirae) and Index, is. 6d. 

18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindosf. Notes, 

Critical and Explanatory, by the Rev. John Milnsr, B A. ss. 
23. Euripides : Hecuba and Medea. Chiefly fron\ the Text of Dim- 

DORF. With Notes, Critical and Explanatory, 'by W. BROwmtiOG Smith, 

M.A., F.R.G.S. IS. 6d. 
26. Euripides : Alcestis. Chiefly from the Text of Dindorf. With 

Notes, Critical and Explanatory^ by John Milnbr, B A. is. 6d. 
30. >£schylus : Prometheus Vmctus : The Prometheus Booi^d. From 

the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 

by the Rev. Jambs Davibs, MA. is. 
32. >£schylus : Septem Contra Thebes : The Seven against Thebes. 

From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Davibs, M.A. is. 

40. Aristophanes ; Achamians. Chiefly from the Text of C. H. 

Wbisb. With Notes, by C. S. T. Townshbnd, M a. is. 6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

YouNO. Book I. IS. « ., *., * . • . 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 

duction by Ll. F. W. JBWITT. is. 6d. , 

43. Demosthenes. The Oration on the Crown and the Philippics. 
With English Notes. By Rev. T. H. L. Lbart, D.CL., formerly Scholar ci 
Brasenose College, Oxford, is. 6d. ^ 
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ENGINEERING, SURVEYING. ETC. 
Humberts New Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A-M. Inst 
C.E., and M. Inst M.E. Illustrated with 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text, Imp. 4to, 6/. 6x. elegantly 
and substantially half-bound in morocco. 

List of Contents : — 



I. Historical Sketch of scnne of the 
means that have been adopted for the 
Supply of Water to Qties and Towns.— 
II. Waterandthe Foreign Matter usually 
associatud with it. — III. Rainfall and 
Evaporation. — IV. Springs and the water* 
beani^ formatioiis en various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VI. On the Selection of 
the Source of Supply.— VII. Wells.— 
VIII. Reservoirs.— lA. The Purificaticm 
of Water.— X. Pumps.— XI. Pumping 



Machinery.— XII. Conduits. — XIII. Dis- 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings. — XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
— ^XVII. DescripUon of Plates. — Appen- 
dices, ^ving Tables of Rates of Supply, 
Velocities, &c. &c., together with Specifi- 
cations of several Works illustrated, among 
which will be found : — Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 

" The most systematic and valuable work upon water suppljr hitherto produced in 
English, or in any other language .... Mr. Humber's work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English technical treatises."— .£«^Wrr. 

Humberts Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. ^William Humber, A-M. Inst C.E., and M.Inst 
M.E. Third Edition, with I15 Double Plates. In 2 vols. imp. 4to, 
6A idf. 6d. half-bound in morocco. 
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'A book— and particularly a large and cosdy treatise like Mr. Humberts — ^which 
has readied its third edition may certainly be said to have establia^d its own 
reputation.**— .fii^wMtfrrii^. 



WORKS IN ENGINEERING, SURVEYING^ ETC, 



Humbers Modem Engiueeriag. 

A RECORD of die PROGRESS of BfODERN ENGINEER- 
ING. First Series. Comprisiiig Civil, Mechanical^ Marine^ Hj- 
dranlic, Railway, Bridge, and ciher E ugiuecii ng Works, Ac By 
William Humbkr, A-M. Inst CE., &c. Imp. 4taL irith 
36 Doable Plates, drawn to a Usfe sade, and Fortimit ortolin 
Hawkshaw CE.,.F.R.S., &c., and descriptiTe Letter-press, Speci- 
fications, i&c. 3/. 3J. half morooDO. 

LUt of the Platts and Diagrams. 



Victoria Station and Roof. L. B. & S, 
C R. (8 pbtes' : Soiithport Pier .2 plates): 
Victona Station and Roof, L. C. & D. and 
G. W. R. (6 plates) ; Roof of Cretnome 
Mvuic Hall ; Bridge over G. N. Railway ; 
Roof of Station. Dutch Rheniah Rail (a 



plates) ; Bridge o¥«r^ tlie Thames, West 
London Elxtensuon Railway (^ plates) ; Ai^ 
mour Plates ; SunensLon "^ 

U plates) : The AUeaEnKina ; SuflpcnsiOB 
Bridge, Avtm (3 plates}; Undcxgnnmd 
Railway (3 plaliesX 



** Handsomely lithographol and printed. It will find fiivourwidi many who desre 
fio preserve in a permanent form copies of the (dsuis and specifications prepared for dit 
fruidance of the contractors for many important enanwernqr «ocb.*— £< — ^ 



HUMBERTS RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Doable Plates, Portrait of Robert Ste- 
phenson, CE., &c, and descriptiye Letterpress, Specifications, 
&C. 3/. 3r. half morocco. 

Lut o/tke Plain and Dimgrmms. 



Viaduct. Mertfayr, Tredegar, and Aberga- 
venny Railway; CoUege Wood Viaduct, 
Cornwall Railway ; Dublin Winter Psdace 
Roof (3 plates) ; iBridge over the Thames, 
L. C and D. Railway (6 plates) ; Albert 
UarbaiuTy Greenock (4 plates}. ■ . 



Birkenhead Docks, Low Water Basin 
(15 places) ; Charing Cross Station Roof. 
C. C. Railway (3 plates) ; Digswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Way; Clydach Viaduct, MerthjT, Tre- 
degar, and Abergavenny Railway ; Ebbw 

HUMBERTS RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Doable Plates, Pdrtndtof J. R. M 'Clean, 
Esq., late Pres. Inst C. E, and descriptive Letterpress, Specifica- 
tions, kc 3/. 3/. half morocoa 

List of the Plates and Diagrams. 
Maik Drainagb, Metropolis. — Branch (a plates); Ontfidl Sewer, Resef* 
North Side. — Map showing Interception I voir and Ondet (4 plates): Ontfidl Sewer, 
of Sewers; Middle Level Sewer (3 plates' ; | Fikh^ Hoist; Sections of Scwen (Nordi 



Outfall Sewer, Bridge over River Lea (3 and 5)Outh SidesX 

plates); Outfall Sewer. Bridge over Marsh I Thames £MBAifKMniT.i — «>««*« «• 

Lane, North Woolwich Railway, and Bow River Wall ; Steamlxmt Pier, Westmnistcr 

and Barking Railway Junction ; Outfall 

Sewer, Bridge over Bow and Barking 



Railway (3 plates}; Outfall Sewer, Bridge Gate (9 plates) ; Overflow- and OntleC at 



over Blast London Waterworks' Feeder 
(a plates): Outfall Sewer, Reservoir (a 
plates); Outfall Sewer, Tumbling Bay 
and Outlet ; Outfall Sewer, Penstocks. 
South Side. — Outfall Sewer, Bermondsey 



(a plates); Landing iStain between Cha- 
ring Cross and Watatteo Bridges p Yoik 



Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridi^e f>puues); .Jane- 
tion of SewexSfPIaQvand Sections ; GinlUcs, 
Plans and Sections ; Rolling Stock ; Gn- 
: nite and Iron Forts. 



HUMBERTS RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3^. half morocco. 

List of the Plates and Diagrams. 



Abbey Mills Pumping Station, Main 
T>rainage, Metropolis (4 plates) ; Barrow 
Docks (5 plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (a plates) ; 
Adam's Locomotive, St. Helen's Canal 
Railway (a plates) ; Cannon Street Station 
Roof. Channg Cross Railway (3 plates) ; 
Road Bridge over the River ^foka (a 
pLite^'. Telegraphic Apparatus for Meso- 



potamia ; Viaduct over the River Wye, 
Midland Railway (3 plates): St. German's 
Viaduct, Cornwall Railway |a plates) ; 
Wrought- Iron Cylinder for Diving Bell ; 
Millwall Docks (6 plates) ; Milroy'sPatent 
Excavator, Metropolitan District Railway 
(6 plates) ; Harbour^ Pbrts; and Bra^* 
waters (3 platesjL 
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Strains y Formulce & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
' STRENGTH ; consisting of Formulse and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMBER, A-M. Inst C.E., &c. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Cromi 8vo, 7^. (id. cloth. 
**Tlie amtngement of the matter in this little volume is as convenient as it well 
could be. .... The system of employing diagrams as a substitute for complex 
computations is one justly coming into [^at favour, and m that respect Mr. Humberts 
volume is fully up to the ^vcx.t&S*—'EngtHteriHg. 
** The formidae are neatly expressed, and the diagrams good."— .4/4^»«iMf. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK ; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 Plates. Royal 8vo, 5j. doth. 

"The student cannot find a better little book on this subject than that written by 

Mr. Sheilds.** — Engineer, 

Barlow on the Strength of Materials ^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. The whole arranged and edited by W. Humber, A-M. 
Inst C.E. 8vo, 400 pp., with 19 large Plates, i&r. doth. 

"The best book on the subject which has yet appeared. .... We know of 
no work that so completely fulfils its mission.** — English Mechanic, 

** The standard treatise upon this particular subject." — Engineer, 

Strength of Cast front &c. 

K PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition. To which are added. Experimental Researches on the 
Strength and other Properties of Cast Iron, by E. HoDGKiNSON, 
F.R.S. With 9 Engravings and numerous Woodcuts. 8vo, I2J. 
doth. %♦ Hodgkinson's Researches, separate, price 6x. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Dbchax|[e of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulse, Tables, and General 
InforBiation onRain-fidl, Catchment-Basins^ Drainage, Sewetage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civa Engineer, M.R.LA. Third Edition, careftiUy revised, with 
considerable Additions. Numerous IllustratioBS. Cr. 8vo, i4r.cloth. 
".Undoubtedbr an exceedingly useful and elaborate compUation;** — Irvu,- 
" Alike valuable to students and engineers in practice." — Mining ymtmal. 

River Engineering. 

RIVER BARS : Notes on the Causes of their Formation, and on 
their Treatment by ' Induced Tidal Scour,' i^vdth a Description of 
the Successftil Reduction by this Method of the Bar at Dubhn. By 
I. J. ManNt Assistant Engineer to the Dublin Port and Docks 
Board. With Illustrations. Royal 8vo. 1$, dd. cloth. 
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sod. Tfie Oiiurf'mctnm of c&e BadcwoE^: of Tomidls wick Ae 
ai laiMor aeennxEcL anv and t^ CaKfl^tbemdaBBpaKtaansof the 
woriu B^ ^. W. SooBv M. Insr, Cf, T&mi EiSoaB* Scvsed 
sBid Farrarffrf. B5 D. Krsss^A. rr.^BK, X.LCLE. ImpL Sio, 
witfL 21 Foltfinis PSates aadnnmeaas Woof Eiigczvnigs^ ^or. dodL 




Steam. 

STEAX AXD THE STEAX EXGDCE, S utiu n aij and Ftet- 
able, Bems as Fmrmion of SewdTs TieatBe oa SlEam. ^ D. 
KnrsZjUL Cuuuc, X.LCE. Scoood F^fitioa. vxmt\ 4r. dodu 

CVt^ and Hydraulic Engimering. 

civil. EXGIXEERISG. By HxsniT Law, BC IkL CE. 

Ifltflttflfng a. Treatise on H^^raizfic EagEBeena^ by Geokgk R. 
IbVKXELL, )LLCE. Sixth F^itinn, RevBed, with lai^ additions 
on Recent Fractke in Civil E u^iutciii i^ by D. KiKNEJUt CuutK, 
M. Inst. CE. izmo, jx. 6/., doth boards 

GaS'Lighting. 

COMMON SENSE FOR GASUSERS : n Catediism of Gas- 
Liking fas HovsdK^eiSy Gasfittrrs MiDowaas^ Architects, 
Eapnecrsy &C. By R. Wilson, CE. 2iid£ditian. Cr. 8vo^ 2f . 6/. 

Bridge Construction in Masonry^ Timber^ & Iran. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consistiitf of 
46 Platcf from the Contiact Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, CE Second Editioi^ with 
the addition of <$4 Estimates, and the Practice c^ Settu^ out Woiksi 
with 6 pages of Diagrams. Imp. 4to^ 2/. 12/. 6dL half-moroooo. 
"A wofk oitfM pTMcnt nature \rr a man of Mr. Hask<A't experience, nnist novc 



fvefent natnre hy a man of Mr. Hask<A't experience, 
faHfaltMbM. The uUet of estimates considerably enhance its Talne."— Jr«VM«rrBV 

Earthwork. 

EARTHWORK TABLES, showing the Contents m Cubic Yards 
of Embankments, Cuttings, &&, of Heights or Depths up to an 
average of 80 feet By Joseph Broadbent, C£., and Francis 
Campin, C.£« Cr. 8vo, oblong, 5/. doth. 
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Tramways and their Working. 

TRAMWAYS : their CONSTRUCTION and WORKING. 
With Special Reference to the Tramways of the United Kingdom. 
By D. KiNNEAR Clark, M.I.C.E. Supplementary Volume; 
recording the Progress recently made in the Design and Construc- 
tion of Tramways, and in the Means of Locomotion by Mechanical 
Power. With Wood Engravings. 8vo, I2J. doth. 

Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
By D. Kinnear Clark, M. InsL C. E. With Wood En- 
gravings, and thirteen folding Plates. The Complete Work, in 
2 vols., Large Crown 8vo, 30X. cloth. 
" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work ' Railway Machinery.'"— Z^^m^'m^vt. 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A.LC.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5x. cloth. 
" A workmanl£e production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer.^' — Atherueum» 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
GooDEVE, M.A., Barrister-at-Law, Author of **The Principles 
of Mechanics," "The Elements of Mechanism," &c Fourth 
Edition. With numerous Illustrations. Crown 8vo, 6f. cloth. 
" Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself."— il/iMf>i(f' journal. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, 6^. 
'* If steam-users would but learn this little book by hearty boiler explosions would 
become sensations by their rarity."— j£m^/mA Mechanic, 

Mechanical Engineering. 

MECHANICAL ENGINEERING: Comprising Metallurgy,. 
Moulding, Casting, Forging, Tools, Workshop Madbinery, Mecha- 
nical Manipulation, Manufacture of the Steam Engine, &c By^ 
Francis C ampin, C.E. i2mo, 3J. doth boards. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By F. Campin,C.E. i2mo, y. 6d, d. brds. 

Iron Bridges^ Girders^ RoofSy &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Campin, C. E. i2mo, y. 

Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Boiler Construction. By Nelson Foley, Cardifi^ late Assistant 
Manager Palmer's Engine Works, Tarrow. With 29 full-page 
Lithographic Diagrams. Folio zis, half -bound. [Just publish^. 
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3ncz.3CI.<I.Z. Ttittt gjirntnt. 
Inez. \LliI.Z. : jod-^vali :iK 
▼raBiB dor Jaciliiaxin^ iie 

Tl-iZ :.:>*.*T3lT«m01?r of GArWOSJtS AXI> THE 

iCL^rrjAxiTTXi Ajn z DJTSJBcrrofli: €»■ coaLtGas. 

and fniarya. Jf V. J'rTyvani^ C5. 

Waterworks fifr Ciiiis mmd T§ 

WATESLTrCELSES Sir ±c 5T7PPI.T rf CTTIES 
v.ci X Z.cKrxQ]iL <xc :^e ?r;in:;ua£ GsoiijpcaC Fc 
lami Si Tnfnfffii-Tiig Sucpues of Waxd B5 S. Rv 

Lcccmujiice'Emgime DrkrsMj^, 

LOC0KOnTi:-E3»GEy£ DSJnXG : & PtxtBcari Uannl for 
Ea^nucfla izL cnat^ of lafini i iirw e Tjs^bk^ Bf Michael 
ln^Tf'JLSHf yLS^a, moBsdj li wiBi wifr we Itprrfig 1^ & and 
^ C« K. FlsiL Ertifiijiiy j^irarfi afiaiigied. CoBncisDiC A 
K£Y TO THE LOCOXOrrVE EXGOHEL Wifltetim- 
£ir,iLi sari P--:mir ct Aarfknr. Cpdwh Svoy ^c 6/. dodi. 
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The Engineer^ FiremuMM^ and Engime-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. Br Miceaex. Retsolds^ CnmnSvo, 

4/, €J, cloth. 

Stationary Engine Driving, 

STATIONARY ENGINE DRRTNa A Pncticil Mamud for 
YM^Tjcen in Chaige of Stadonarf Engines. ^ Michael Rsy- 
ifOLM, ^ItH Plates and Woodcuts Crown 8vo, 41: 6dl doth. 

Engine- Driving Life, 

KNGINE-DRIVING LIFE ; or Sdrring Advcntmcs and Inci- 
dents in the lires of Locomotive Engine-Driven. Bj Michael 
KKVJVOLDf. Crown 8to, 2/. cloth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Treatise on the 
sereral SyKtems in Use in the United Kingdom ; their Construe- 
\\*m an'l I'erformance. With copious Illustrations and numerous 
'i'At;lcii. \\y Michael Reynolds. Crown 8to. [In ihe^eis. 

Steam Engine. 

KN(;iNKMAN'S COMPANION (The). A practical Hand- 
liook arranf^rd in a compact form for Ready Reference. By 
MicilAKI. Kky.nolds. Crown Svo. [In the ^ess. 
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Construction of Iron B earns y Pillars^ &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, CE. 35. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire -Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c,, && 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pi>., demy 8vo, i/. 4r. doth. 
" We can most heartily commend this book. "—^w^m^tfrw^. 

" Mr. Young's book on * Fire Engines and Fire Brigades ' contains a mass of 
information, which has been collected from a variety of sources. The subject is so 
intensely interesting and useful that it demands consideration. "—^wf/i^imyriV'irwf. 

Trigonometrical Surveying, 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
. graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems hi Geodesy 
and Practical Astronomy. B^ Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 W^oodcuts, royal 8vo, i6kr. cloth. 

Tables of Curves, 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves. from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3^. td, 
*' Each table is printed on a small card, which, being placed on the theodolite leaves 
the hands free to manipulaterthe iastrument."— ^nc^ff^^r. 

" Very handy ; a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind. "-~ 

Engineering Fieldwork, \Athenaum, 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Lerelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In i Vol., demy 8vo, i/. 5^., d. boards. 

Large Tunnel Shafts, 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Folding Plates. Royal 8vo, I2J. cloth. 
" Many of the methods ziven are of extreme practical value to the mason, and the 
observations on the form of arch, the rules for orderinj^ the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar shafts." — Building 
News. 

" Will be regarded by civil engineers as of the utmost value, and calculated to save 
much time and obviate many mistakes. ^'-^Colliery Guardian, • 



8 WORKS IN ENGINEERING^ SURVETINa ETO, 

Survey Practice. 

AID TO SURVEY PRACTICE : for Refierence in SarTeying, 

Lerenin^ Sctting-out and in Route Sorfcjs of TnTdkis by Land 

and Sea. With Tables, lUnstiatioiis, and Records. By Lowis 

lyA. Jackson, A-M. LC.E. Author of ** Hydnalic Mamial and 

Statistics, " && Large crown, Sto, I2r. 6dL, doCb. 

" Mr. Jadcson has prodnccd a Tafaiabie vmtU-mecmm km dw aui w efm. _ We can 

rcc o mmei id thb book aa confaming an admifable wnni l c i if t to die teaehi agof the 

accoiplwnc<i tarreror. —Jkthttuntwt, 

** A geneial lest book was wanted, and we are able to speak wiib eoafideaoe of 
Mr. Jacksoo's treatise. • . . We cannot recoauaead to the ifdent who knows 
som^hin^of the mathematical principles of the snbfect a better ooofiedian to IbrtiBr 
his practice in the field mder a competent sur reyor with a stndy of Mr. Jackson s 
useful mamiaL The field records illustrate every kind of survey, and wiD be Ibond 
an essential aid to the UadtntJ'^BiuidiMg' Newt. 

** The author brings to his work a fortunate onioo of dieory and practical expe- 
rience w^adi, aided by a clear and ludd s^rle of wiitii^ renders dw book bodi a very 
usefid one and Tery agreeable to read."— .AmUrr. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc. Inst C.E. Crown Svo, y. doth. 
"A Tery useful book, and may be safely recommended. The anthor has had 
practical experience in the works of which lie treats."—- ^M^dSrr. 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, CE. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, CE., 
M.LC.E., Author of "Tramways, their Construction and Working," 
&c., &C. With numerous Illustrations. I2ma 3^. (A. doth boards. 

" The student cannot fail to profit larigely by adopting this as his prdiminarj teict- 
book.**— /fv» and Coal Trades Review. 

** Seems a model of what an elementary technical book dioald ht^'—AceuUmty, 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Pkerention 
of Smoke." By C. W. Williams, A.I.CE. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, C.E., M.I.C.E. Second Edition, revised. With 
numerous Illustrations. i2mo. \s, cloth boards. 
" Students should buy the book and read it, as one of the most compete and satis* 
factory treatises on the combustion and economy of fuel to be had."— ^asfVMrr. 

Roads and Streets, 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
Clark, C.E., M.I.C.E. Second Edit, revised. i2mo, 51. cloth. 

" A book which every borough surveyor and engineer must possess, and which wQl 
be of considerable lenace to architects, builders, and property owners generally. "— 
BuildiHg News, 



PUBLISHED BY CROSBY LOCKWOOD & CO. 



Sewing Machine {The). 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technical Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of "Electro 
Plating : a Practical Manual ; " ** Electric Light : its Production 
and Use." Wit)> Numerous Illustrations. i2mo, 2s, 6d, doth, 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and Mmtiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. I2J. cloth. 
" The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, tho 

genuine traverse tables existmg all the same."'-^/A«iurM«w. 
«< Cannot fail, from its portability and utility, to be extenavely patronised by th« 

engineering professioo."— ATtffMt^ Journal, 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2j. dd. doth. 
*' As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measturement and calculation of earth- 
work will fold a great amount of luractical information very admirably aunanged, and 
avi^ble for general or rough estimates, as well as for the more exact ca la i l a ti o n s 
required in the engineers' contractor's offices."— ^r/tsoM. 

Drawing for Engineers^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING, By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerlv of R. S. N. A., 
South Kensington. Fourth E^tion, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, doth, strongly bound, \s. 

** A copy of it should be kept tor reference in every drawiz^ 9aLC^**^Engiiuering. 

** Indispensable for teachers of engineering drawing."— itfocAoMey' MagaMi$te, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHiEOLOGY, the FINE ARTS, &c. By John Weale. 

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 

Records, Editor of " Ure's Dictionary of Arts.** i2mo, di; cL bds. 

" The best small technological dictionary in the language."— ^frA»^/L 

" The absolute accuracy of a work of this character can only be judged of after 

extensive consultation, and from our examination it appears very correct aad very 

complete."— i/iMM«!^ journal. 
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MINING, METALLURGY, ETC. 

« 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibitin|[ the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kingdom. 8vo., £\ 8j. cloth. [Just published. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Davies, F.G.S., author of "A Treatise on 
Slate and Slate Quarrying." With numerous wood engrayings. 
Second Edition, revised. Cr. 8vo. I2J. dd, cloth. 
" Without question, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given ccmcLsely 

and intelUgibly." — Mining Journal, 

Slate and Slate Qtiarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. i2mo, 3^. 6^/. doth boards. 
" Mr. Davies has Mnritten a useful and practical hand-book on an important industry, 
with all the conditions and details of wmch he appears familiar."— ^/^'«#rrM|^. 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Mannfiicture of 
Iron and Steel, &c. By H. Baubrman, F.G.S. Fourth Editicxiy 
l2mo, 5 J. cloth. 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Minuig Students, &c By William Morgans. Volume of Text. 
l2mo, 3^. With an Atlas of Plates,' containing 235 Illustrations. 
4to, dr. Together, 9^. cloth boards. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Ftindples 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c, i2mo, 4/. doth. 
. ♦^i* The above, bound with Thoman's Tables. (See page 2a) 
Pnce p. 6ii. cloth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Wabington W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. Fifth edition, revised and corrected. 

i2mo, with numerous Illustrations, \s, doth boards. 

" Every portion of the volume appears to have been prepared with much care, and 

as an ouume is given of every known coal-field in this and other countries, as well as 

of the two principal methocu of working, the book will doubtless interest a very 

large number of readers." — Mining^ youmal. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michell, Joint- Authorof " The 
Cornish System of Mine Drainage." 8vo, 15J. cloth. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 

•— 

Pocket Book for Naval Architects & Shipbuilders. 

THE NAVAL ARCHITECTS AND SHIPBUILDER'S 
POCKET BOOK OF FORMULAE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. With 
numerous Diagrams. Fcap., I2J>. 6^., strongly bound in leather. 
*' Should be used by all who are engaged in the construction or design of vessels." 
— Engineer. 

** There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow'^ 
book." — English Mechanic. 

** Mr. Mackrow has compressed an extraordinary amount of information into this 
useful volume." — Atheneeum. 

Grantham's Iron Ship-Building. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, aJso considerably enlarged, i2mo, doth limp. 
By John Grantham, M. Inst C.E., &c. 2/. 2x, complete. 

" Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in general. By order of the Board of Admi- 
ralty, die work will form the text-bix>k on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mainly based." — Engineering. 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULAE FOR MARINE ENGINEERS. By Frank Proctor, 
A.I.N.A. Second Edition, revised and enlarged. Royal 32mo, 
leather, gilt edges, with strap, 4r. 

" A most useful companion to all marine engineers."— C^wiVr^ Service Geuutte. 

" Scarcely anything required by a naval engineer appears to have been foe- 
gotten."— /fw«. 
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Light'Hotises. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 2is. cloth. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 

Preparation of Plans for Roads and Railways, Canals, Rivers, 

Towns' Water Supplies, Docks and Harbours ; with Description 

and Use of Surveying Instruments. By W. Davis Haskoll, C. K 

With 14 folding Plates, and numerous Woodcuts. 8vo, 12s. 6d, doth. 

'* A most useful and well arranged book for the aid of a student"— ^jvcZi^rr. 

" Of the utmost practical utility, and may be safely recommended to all students 

who aspire to become clean and expert surveyors.'*— ^i»ms^ yourfiai. 

Smarms. 

STORMS ; their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, los, 6d, cloth boards. 

Rudimentary Navigation, 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. KossER. i2mo, 3^. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By J. R. 
Young, formerly Professor of Mathematics in Belfast CoUege. 
New Edition. i2mo, 4J. cloth boards. 

Navigation {^Practically with Tables. 

PRACTICAL NAVIGATION : consisting of the SaUor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and IVofessor 
J. R. Young. Illustrated with numerous Wood Engravings and 
Coloured Plates. i2mo, 7^. strongly half bound in leather. 



WEALE'S RUDIMENTARY SERIES. 

The follffwing books in Naval Architecture, etc,^ are published in the 

above series, 

MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N. A. Fourteenth Edition. i2mo, 2j. 6^. cloth. 
SAILS AND SAIL-MAKING. Eleventh Edition, enlarged. By 

Robert Kipping, N.A. Illustrated. i2mo, 3J. doth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. i2mo, 4^. doth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

lAvjULAYf C.E. Seventh Edition. i2mo, 3^. 6</. cloth boards. 
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ARCHITECTURE, BUILDING, ETC. 
Construction. — • — 

THE SCIENCE of BUILDING : An Elementaiy Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Ardiitect. With 58 Wood Engravings. Second Edition, revised and 
enlarged. Including an entirely new chapter on the Nature of 
Lightning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo, ^s, 6d, cloth. 

** A very valuable book, which we strongly recommend to all students."— ^iMUSrr. 

** No architectural student should be without this hand-book." — ArchiUct. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; bemg a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of "TheSpiresand Towersof die Mediaeval Churches of Eng- 
land," &c 31 Plates, 4to, half morocco, gilt edges, i/. ix. 
%* Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Elstimates, &c 2/. 2x. half morocco. 

Useful Text-Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. B)r F. Rogers. Cr. 8vo, df. cloth. 

"As a text-book of useful information for architects, engineers, surveyorSi &c., it 
would be hard to find a handier or more complete little SKAyxai(t**--Standard, 

Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edwabd Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (son 
of the late G. L. Taylor, Esq.) This is the only book which gives 
on a large scale, and with the precision of architectural measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detaiL Large folio, with 130 Plates, half-bound, 3/. 3^. 
*«* Originally published in two volumes, folio, at 18/. loj. 

Vitruviu^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A, F.R.AS. 
Numerous Plates. i2mo, cloth limp, 5J. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. Wightwick. 
New Edition. By G. H. Guillaume. i2mo, doth, 41. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
accessary a purchase as a box of instruments." — Architect, 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, 4to, 7x. 6d. boards. 

On the joints used in Building, 

JOINTS MADE AND USED BY BUILDERS (A Practical 
Treatise on). By W. J. Christy, Architect. With about 170 
Illustrations. i2mo. [In the ^ress^ 
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Cement 

PORTLAND CEMENT FOR USERS. By Henry Faija, 
A.M., Inst. C.E., with Illustrations. Crown 8vo. 3^. 6^ cloth. 
" A useful compendium of results for the builder and architect." — Building News. 

The House-Owner^ s Estimator. 

. THE HOUSE-OWNER'S ESTIMATOR ; or, What will it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited by Francis T. W. Miller, A.R.I.B.A., Surveyor. 
Third Edition, Revised. Crown 8vo, 3X. 6^/., cloth. 
" In two years it will repay its cost a hundred times over." — Field. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, C.E. Crown 8vo, 3J. td. cloth. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. Author of "Clocks and 
Watches and Bells, ' &c. i2mo, 51. cloth boards. 
*' A book which is always amusing and nearly always instructive. We are able 
veiy cordially to recommend all persons to read it for themselves. "-^Times, 

''We commend the book to the thoughtful consideration of all who are interested 
in the buildinc: ^xC'—Builder, 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prising VITRUVIUS, translated by Joseph Gvhlt, F.S.A., 
&c., with 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; i2mo, 6x., half-bound. 
-♦»♦ The only edition of VITRUVIUS procurable at a moderate price. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prismg THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Garbett. 
Numerous illustrations, i2mo,. 6r. half-bound. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual ol With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson. Third Edition, Revised. i2mo, df. doth. 
" Contains a mass of information of use to the amateur and of value to the practical 
t£axu*^-English Mechanic. 

Civil Architecture. 

A TREA.TISE on THE DECORATIVE PART of CIVIL 

ARCHITECTURE. By Sir William Chambers, F.R.S. 

With llJmtrations, Notes, and an Examination of Grecian Archi- 

tectare. By Joseph GwiLT,Y,S.h. Revised an^ t^vvc.^ Vj "W^ 

H, Leeds, 66 Plates, 4to, 21s. doth. 
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Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. Buchan, Sanitary Engineer. 
Third Edition, enlarged, with 300 illustrations, l2mo. 4^. cloth. 
" The chapters on house-drainage may be usefully consulted, not only by plumbers, 
but also by engineers and all engaged or interested in house-building." — Iron, 

Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
• Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8yo, with 
upwards of 1000 pages of text, and 33 Plates, cloth, i/. iix. dd, 
"In this work forty-four specifications of executed nrorks are given. . . . Donald- 
son's Handbook of Specifications must be bought by all architects." — BuikUr. 

Specifications for Practical A rchitecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 
A Guide to the Architect, Engineer, Surveypr, and Builder ; with 
an Essay on the Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, 15^. cloth. 

*«* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that wcMrk, has produced the above. — Extract from Preface, 

Designing, Measuring, and Valuing. 

THE STUDENTS GUIDE to the PRACTICE of MEA. 
SURINGand VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lor. 6<f. doth. 
" Well fulfils the promise of its title-page. Mr. Tam*s additions and revisions have 
much increased the usefulness of the ytatk,"— Engineering. 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters* 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of ** Quantities and 
Measurements." Second Edition. Waistpoat-pocket size. is. 6d. 

Beaton'sBuilders^ and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: contaimng a Complete 
Explanation of the Terms used in Building Construction, Memo- 
xanda ior Reference, Technical D\iec\\ox\s iox '^^asosvxs^'Hl^s^Na. 
all the Building Trades, &c. By A.. C. ^^.K^Q^. 'Vi, ^- 
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Builder^ s and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building, 
&c. Revised by F. T. W. Miller, A. R. I. B. A. Half-bound, 4f. 

Roofs (the Constriiction of) 

THE CONSTRUCTION OF ROOFS, OF WOOD AND 
IRON : (An Elementary Treatise) deduced chiefly from the Works 
of RoBisoN, Tredgold, and Humber. By E. Wyndham Tarn, 
M. A., Architect. With illustrations. [In the Press, 

CARPENTRY, TIMBER, ETC. 

♦ 

TredgolcTs Carpentry^ new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Ardies, 
Bridges, R00&, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Tredgold, 
C.K Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to, published at 2/. 2x., reduced to i/. 51. doth. 
" Ought to be in every architects and every builder's library, and diose who 
do not already possess it ought to avail themselves of the new xtoMAy ■—Builder. 

"A work whose monumental excellence must commend it frtierever skilful car- 
I)entry is concerned. The Author's principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic yiiM»^*'^BuiidiHg Ntwt, 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

& BUILDER'S STANDARD GUIDE. By R. E. Grandy. 

2nd Edition. Carefully revised and corrected. i2mo, y. 6d. doth. 

*' Everything it pretends to be : built up gradually, it leads one from a forest to a 

treenail, and tmt>ws in, as a makeweight, a host of material concerning Iwicks, columns, 

cisterns, &c— all that the dass to whom it appeals requires."— J^mj^ZmA M§cha$Uc. 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crown 8vo, dr. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, 51. &/. doth. 

" Invaluable labour-saving tables." — tranmtmger. 

Carriage Building, &c. 

COACH BUILDING: A Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, with Hints on the -ptopex Vtc^Vo^ cA C«a\».^<5s^ 
^c, s/ Illustrations. By James W.B\3iLGESs. \amo, y, e^Q-Ctv, 
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Hortofis Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
mcAt of Boards, Glass, &c. ; Uneoual-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing tne trees, 
&C. ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. By Richard Horton. 
Fourth edition, with considerable and valuable additions, i2mo^ 
strongly bound in leather, 5^. 

Horton' s Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, zr. leather. 

Nicholson's Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprismg all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's stands^ work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is. doth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By William Dowsing, Timber Merchant Third Edition, Re- 
vised. Crown 8vo, 3^. doth. 
** Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it." — Htdl AdvtrtUer. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, befaM; a Guide 
for the use of Building Contractors, Surveyors, BuUders, &&, 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength ot Timber, Remarks on the 
Growth of Timber, &c. By W. Richardson. Fcap. 8vo, 31. td. d. 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rise, Progress, and 

Construction. With Hints on the Management of Saw Mills and 

the Economical Conversion of Timber. Illustrated with Examples 

of Recent Designs by leading English, French, and Amencan 

Engineers. By M. Powis Bale, M.I.M.E. Large crown 8vo, 

I2J. dd, cloth. 

" Mr. Bale is evidently an expert on the subject, and he has collected so much 

information that his book is all-sufficient for builders and others engaged in the cotL- 

wtwmclivacAitx.^*'- Architect, ^ , 

"The most comprehensive compendium of vrood-vroTVAt^^ xaadcccBsari •«^\>aN^ 

seen. The Muthor js a thorough master of his subject.*'— BtiiUii»« Nro». , „,.i_ 

*'Jt ahould be in the olfice of every wood-woikms fadori.**— Ewgt***^ Meciuww 
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^ . MECHANICS, ETC. 

/ urmng. — • — 

LATHE- WORK: a Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. By Paul N. Has- 

LUCK. With numerous Illustrations drawn by the Author. 

Crown 8vo, 5^. cloth. 

'* Evidently written from personal experience, and gives a large amount of just 

that sort of information whicn beginners at the lathe require." — Builder. 

Mechanics Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 12th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&C. ; and an Extensive Table of Powers and Roots, i2mo, 5^. bound. 
" Admirably adapted to the wants of a very lar^e class. It has met witli great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in life to this Utde work."— ^waj^M^ Newt, 

Engineef^s and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINISTS 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. By Wm. Templkton. i8mo, 2x. &/. 

Waistcoat' Pocket Book for Mechanics^ &c. 

TABLES and MEMORANDA FOR MECHANICS, ENGI- 
NEERS, ARCHITECTS, BUILDERS, SURVEYORS, and 
OTHERS. Selected and Arranged by Francis Smith. Waist- 
coat-pocket size. [In the press. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. By John 
Courtney, Edited by D. Kinnear Clark, M. Inst. C.E. 
Crown 8vo. [In the press. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in length, 
by I to 108 inches in breadth. By J. Hawkings. Fcp. 3J. ^, cL 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alban. Translated from the German, with Notes^ by Dr. Pole, 
F.R.S. Plates, 8vo, idr. (>d, cloth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. Wilson, C.E. 
Fifth Edition. i2mo, ts, doth. 
" llie best-work on boilers which has come under our notice." — E$tgimeeriH£, 
** I'he best treatise that has ever been published on steam boilers." — Engmeer, 

Mechanics. 

THE HANDBOOK OF MECHANICS. By DiONYSius 

Zardner, D,C,L, New Edition, "Edited %xvA. coxv^dcxQ^^^Vf En- 

^^€d, by Benjamin Loewy, F.R. A.S. , &c, vosJ^^nq, ^, ^qj(^ 
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MATHEMATICS, TABLES, ETC. 

Metrical Units and Systems^ &c. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the present Century. By Lowis D' A. Jackson, 
A.-M. Inst. C.E., Author of "Aid to Survey Practice," &c. 
Lai^e Crown 8vo. [In thepres8, 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
P(J^ Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c. By Olinthus Gre- 
gory, LL.D., F.R. A.S. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. u. cloth. 
" The engineer or architect will here find ready to his hand, rules for solving nearly 
erery mathematical difficulty that may arise in lus practice.** — Builder. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DOWLING, C.E. 2nd Edit., revised and enlarged. 8vo, los. 6d, cl. 
"Their accuracy has been certified by Prof. Airy, Astronomer-RoyaL''-*^»t2(/<fr. 

InivoocCs Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c, and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By William Inwood. 21st edition, with 
Tables of Logarithms for the more Difficult Computations of the 
Interest of Money, &c. By M. F6dor Thoman. i2mo. %s. doth. 
" Those hiterested in the purchase and sale^ of estates, and in the adjustment of 

c<mipensataon cases, as well as in transactions in annuities, life insturances, &c., will 

find the present edition of eminent iKrnat,**~-Et^^ineering. 

Geometry for the Architect^ Engineer ^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. By E. W. Tarn, M. A. , Architect. Second Edition, with 
Appendices on Diagrams of Strains and Isometrical projections. 
DemySvo, 9J. cloth. [Just published. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; comprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition. i2mo, 5j. cloth. 

WeightSy Measures^ Moneys, &c. 

MEASURES, WEIGHTS, and MONEYS of alL N^XIO^^^ 
and an Analysis of the ChiisUati, \le\it^^, ^tA \^s2ttss^^\^ 
Calendars. Entirely New Editioti, UevVs^^ ^xv^ ^x\^^^. ^^ 
W. S. B. WOOLHOUSE, F.R.A.S. lamo, 2.s. eyd. c^o'Od.>oq«xcss., 
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Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Compntatioiis of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By FkDOR Thoman, 
of the Soci6t6 Cr^t Mobilier, Paris. 3rd Edit , i2mo, ^r. 6^. d. 
" A very powerful work, and the Author has a very remarkaUe command of his 
subject"— i'fie/^Mtfr A, dg Morgan. 

Iron and Metal Trades* Calculator. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containin|; a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from 15. per cwt. to iizs. per 
cwt., and from one farthmg per lb. to is, per lb. Each Table ex- 
tends from one lb. to 100 tons. By T. Down IE. 396 pp., 9^., leather. 
" A most useful set of tables, and will supply a want, for nothinfi: like them before 
tads/bed,"— BuildtMg- News. 

Iron and Steel. 

IRON AND STEEL: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, andConsultingEngineers ; Architects, Builders, 
&c. By Charles Hoarb, Author of *The Slide Rule,' &c. Eighth 
Edition. With folding Scales of '* Foreign Measures compared 
with the English Foot," and '* fixed Scales of Squares, Cubes, 
and Roots, Areas, Decimal Equivalents, &c." Oblong, 32mo, 61*., 
leather, elastic-band. 
" For comprehensiveness the book has not its equal" — Iron, 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro* 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10^266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henrv' Harben, Accountant, Sheffield! New 
Edition. Royal 8vo, i/. 5^., strongly half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tables 

for the use of Merchants, Manufacturers, Ironmongers, and others, 

by which may be ascertained the exact profit arising firom any mode 

of using Discounts, either in the Purchase or Sale of Goods, and 

the meuiod of either Altering a Rate of Discount, or Advancing a 

Price, so as to produce, by one operation, a sum that will realise 

any required pront after allowing one or more Discounts : to which 

Mre added Tables of Profit or Advance from i J to 90 per cent. 

Tables of Discount from l^ to 9&I pet cenl., «xidT«.bles of Commis- 

Sion, Ac, from I to loper cent. B\ Hi.mcN[ Wkkkw*, K»:n<aisL\aaDX. 

^ew Edition. Demy^o^ i/. 5^., YiaM-bounA. 
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SCIENCE AND ART. 



The Construction of the Organ. 

PRACTICAL ORGAN BUILDING. By W. E. Dickson, 
M.A., Precentor of Ely Cathedral. Crown 8vo, 5j. cloth. 
'* In many respects the book is the best that has yet appeared on the subject. We 
cordially recommend it." —English Mechanic. 

"Any practical amateur following the instructions here given might build an 
organ to his entire satisfaction." — Leeds Mercury. 

Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 

? rising also Useful Formulae, Tables, and Receipts for Gold 
late. Clasps, Solders, etc, etc. By Charles Hunter. With 
numerous Wood Engravings. Crown 8vo, yj. 6^. cloth. 
"The work is very practical" — Monthlv Review 0/ Dental Surgery. 

"An authoritative^4*neatise We can strongly recommend Mr. Hunter's 

treatise to all studena»-«reparing for the profession of dentistry, as wdl as to every 

Iff^fli^m'faT dentist" — DuhUnJoumal of Medical Science » [and Circular. 

** The best book on the subject with which we are acquainted. ''^Medical Prest 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 31. 6d, cloth. 

" A thoroughly scientific treatise in popular language. It is e^dent that the 
anthor has msistered his subject in its scientific aspects." — Morning Advertiser, 

" We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer, 

Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Includmg the Art of 
Alloying, Melting, Reducing, Colouring, Collecting and Refining. 
The processes of Manipulation, Recovery of Waste, Chemical and 
Physical Properties of Gold, with a new System of Mixing its 
Alloys ; Solders, Enamels, and other useful Rules and Recipes, &c. 
By George E. Gee, Goldsmith and Silversmith. Second Edition, 
considerably enlarged. i2mo, 31. (id, doth boards. 
"The best work yet printed on its subject for a reas<Maable price." — yewelier, 
" We consider ihat the trade owes not a uttle to Mr. Gee, who has in two volumes 

compressed almost the whole of its literature, and we doubt not that many a youne 

beginner will owe a part of his future success to a diligent study of the pages which 

are peculiarly well adapted to his use." — Clerkenwell J'ress. 

"Essentially a pactical manual, wdl adapted to the wants of amateurs and 

apprentices, omtauiing trustworthy information that only a practical man can 

wafpLy.**-'£n^lish Mechanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver, including the 
different modes of refining and melting the metal, its solders, the 
preparation of imitation allojrs, &c By George E. Gee, 
Jeweller, &c. i2mo, 3/. 6d, cloth boards. 
" Ihe chief merit of the work is its practical cbax%cXtx. tV«i^«ro!^«R.*vDL'Qafc^aa». 
will speedily discover in merits when they dt down \o ttwA^ KlT — Enjel«K ^«^»***^^ 
'"Hub work forms a valuable sequel 10 the authors Practical GoWworlcer^ «^ 
sappUes a want long felt in the silver trade.-— S«t;«r»mitK s Trade ^vwma^ 
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Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Working of Galvanic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. Urquhart, C. E., 
Author of ** Electroplating." Edited by F. C. Webb, M.I.C.E., 
M.S.T.E. With 94 Illustrations. Crovm 8vo, *js, 6d. cloth. 
" It is the only work at present available, which gives h general but concise history 

of the means (which have been adopted up to the present time in producing the 

electric Wg^t.**— Metropolitan, 
"An important addition to the literature of the electric light. Students of the 

subject should not fail to read it" — Colliery Guardian, 

Lightning, &c, 

THE ACTION of LIGHTNING, and the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Arthur Parnell, Major in the Corps of Royal Engineers. 
i2mo. \In the press. 

Electroplatings &c. 

ELECTROPLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, 5^. cloth. 

" A large amount of thoroughly practical ixdarnaxxoxk.**-^Tglegraph$c youmaL 

" An excellent practical maxmii. -^BnginoeriMg; 

"The information given appears to be based on direct personal knowledge. . . . 
Its science is sound, and the style is always dieax," --Athenaunt. 

*'Any ordinarily intelligent person may become an adept in electro-depositiw* 
with a very little science indeed, and this is the book to show the wvy^-^BuUder, 

Electrotyping, &c. 

ELECTROTYPING : a Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro-deposition of Metak. By J. W, Urquhart, C.E. 
Crown 8vo, 5^. cloth. 
"Will serve as a ^de, not only to beginners in. the art, but to those who still 
practise the <^d and imperfect methods of dectrotyping." — Iron, 

" The book throughout is entirely practical, and is lucid and clear in style. It is a 
reliable work." — Pa^er and Printing Trades Journal. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Conunittee of the Corps of 
Royal Engineers. Second Edition, revised by an Officer of the 
Corps; nearly 350 Engravings and many hundred Woodcuts. 
3 vols, royal 8vo, cloth boards, 4/. lor. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor ef 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, doth, with separate Atlas of 12 Plates, I2j. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES: their 
Properties^ Applications, Valuation, Imouritles, and Sophistications. 
For the Use of Dyers, Printers, DrfsaVlera, "BioViw^ %«u IJj^ \^ 
W. Slater. Second Edition. \J** prtparfk^on. 
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Tfie Alkali Trade — Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2/ 1 2 J. 6^. cloth. (just published. 

This work provides (t) a Complete Handbook /or intending Alkali and Sulphuric 
Acid Manujacturerst and/or those already in the field who desire to improve their 
plant, or to income practically acquainted with the latest processes and developments 
o/tho trade ; (2) a Handy Volume which Manufacturers can put into the hands qf 
thiir Managers and Foremen as a useful guide in their daily rounds of duty. 

Synopsis of Contents. 



Chap. I. Choice of Site and General 
Plan of Works— II. Sulphuric Acid — 
III. Recovery of the Nitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
lation upon the. Noxious Vapours Ques- 
tion — ^VI. The Hargreaves' and Jones' 
Processes— VII. The Balling Process— 
VIIL Lixiviation and Salting Down — 



IX. Carbonating or Finishing — X. Soda 
Crystals — XI. Refined AlkaU— XII. 
Caustic Soda — XIII. Bi-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
UtiUsation of Tank Waste-XVI . General 
Kemaxics — Four Appendices, treating of 
Yields, Sulphuric Add Calculations, Ane> 
mometen, and Foreign L^slation tipon 
the Noxious Vapours Question. 



*' The author has g^ven the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in anjy language.^' — E?tgineer. 

** lliis book IS written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is very fully described in this manual, and 
each impnrovement explained. Everything which tends to introduce economy into 
the technical details of this trade receives U&e fullest attention. The book has been 
produced with £[reat completeness." — Athenteum. 

'*The author is not one of those clever compilers who, on short notice, will 'read 
up' any conceivable subject, but a practical man in die best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which^ have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally appreciated, we must pronounce a credit alike to its author 
and to the enterprising firm who have undertaken its publication."— C^milpa/ 
Review, 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of " Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
" Treatise on Chemical Analysis." New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, izr. dd, cloth. 

'* We recommend this book to the careful perusal of every one ; it may be truly 
affirmed-to be of universal interest, and we stronglv recommend it to our readers as a 
guid& alike indin>ensable to the housewife as to tbe pbaxtoaneoSociaiiL "QcwjoiioaDMtr— > 
Medwal Times, 

"Es^tisil to the analysts app<Hnted under the new ^icX. tV^fe Tas«X nw^aS.'w^^^ 
are given, aad the woxk is well edited and caxefuSiy "wrxtxcn.*' — Nature, 



24 WORKS IN SCIENCE AND ART, ETC, 

Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardnsr, D.CI«, formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1200 Engravings on Wood. In ^ Doable Volmnes. 
Price £\ is., in a new and el^ant doth binding, or handsomely 
bound in half morocco, 31J. 6d, 

OPINIONS OF THE PRESS. 

" Thb series besdes affordmg pofMilar but sound instmction on scientific subjects, 
with which the humblest man in the country ov^t to be acqnamted, also undertakes 
that teaching of ' common things ' which every well-wtsher of his kind is amdous Id 
promote. Many thousand copies of this serviceaUe publication have beat printed, 
m the belief and hope that the desire for instruction and improvement wioely pre- 
vails ; and we have no fear that such enlijg^tened fiddi will meet with disappoint- 
ment.'' — Times. 

** A cheap and interesting publication, alike informing and attractive. The papers 
combine subjects of importance and great scientific knowledge, considerable mdnc- 
tive powers, and a popular style of treatment.'* — S/ectafor, 

** The ' Museum of Science and Art' is the most valuable contribution that has 
ever been made to die Scientific Instruction of every dass of sode^." — Sir David 
Brewster in ike North British Review. 

"Whether we consider the liberality and beanty of die illnstratioQS, die dbann of 
the writing, or the durable interest of the matter, we must express our bdief that 
there is hardly to be found among the new books, one that wcmld be welcomed by 
people €>i so many ages and classes as a valuable ^insaitm**— E x a mi ner. 

\* Separate hooks formed from the above ^ suitable for WorkmetCs 

Libraries^ Science Classes, 6v. 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, doth gilt, $s. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and EngraY- 
ing, &C. 147 Illustrations, cloth gilt, 2x. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Ulustrations, doth gUt, 2r. 6d. 

POPULAR PHYSICS. Contaming Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallades, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &a 85 Qltts* 
trations, doth gilt, 2x. 6d, 

STEAM AND ITS USES. Indudii^ the Steam Engine, the Lo- 
comotive, and Steam Navigation. S^ Illustrations, doth gilt, 21. 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Hanets. Light, Comets^ 
Eclipses, Astronomical Influences, &a 182 Illustrations, 41. 6d, 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence* 135 Ulus- 
trations, doth gilt, 2s, 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
inteWpble to ail who can Read, irrespective of any previous Sden- 
tific Acqtdremtnts<, the Tarious forms o( Tde^^V^ m Ksfbul 
Operation. 100 Illustrations, doth gWt, is. ^. 
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Dr. Lardnef^s Handbooks of Natural Philosophy . 

•»• ThefoUcwingfiv* volumes^ though each is CompUU in itsel/, and to he pur- 
chased s^aratefyt form A Complete Course op Natural Philosophy, and are 
intended for the general reader who desires to attain accurate knowledge of the 
various d^rtments 0/ Physical Science ^ without ^rsuing them according to the 
more ;Pnffound methods 0/ mathematical investigation. The style is studiously 
PopuUir. It has been the author^ s aim to suMly Manuals such as are required Sy 
ike Student f the Engineer, the Artisan, and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlar^ and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vO| dr. cloth. 
"Theperspicuitv of the original has been retained, and chapters which had 
become obsolete, have been replaced b/ others of more modem character. The 
explanations^ throughout are studiously popular, and care has been taken to show 
the application of the various branches ot phjrsics to the industrial arts, and to 
die practical business of life." — Mining Journal, 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 

F.R.A.S. With 236 Illustrations. Post 8vo, 51. cloth. 
" For those ' who desire to attain an accurate knowledge of physical science with- 
out the Drofound methods of mathematical investigation/^ this work is not merely in- 
tended, but well adapted." — Chemical News, 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc. 117 Illustra- 
tions. Post 8vo, 6^. cloth. 
"The style is alwa;^s clear and precise, and conveys instruction without leaving 
any doudiness or lurlung doubts behind." — Engineering, 
THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B.A. 298 Illustrations. Post 8vo, 5j. cloth. 
'* Written by one of the ablest English scientific writers, beautifully and elaborately 
^yxsXxzXieA.**— Mechanics* Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B. A., F.C.S. With 400 Illustrations. Post 8vo, 5^. cloth. 

" The book could not have been entrusted to any; one better calculated to preserve 

the terse and ludd style of Lardner. while correcting his errors and brining up his 

work to the present state of scientific knowledge." — Popular Science Review, 

Dr. Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the ** Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L., formerly Professor of Natural Philosophy 
and Astronomy in University College, London. Fourth Edition. 
Revised and Edited by Edwin Dunkin, F.R.S., Royal Observa- 
tory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In I vol., small 8vo, 550 pages, 9^. 6^., cloth. ^ 
" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form— certainly none at the price at which this is 
offered to the public." — Athenaum. 

'* We can do no other than pronounce this work a most valuable manu'il of astro- 
nomy, and we strongly recommend ic to all who wish to acquire a general— but at 
the same time correct — acquaintance with this sublime science." — Quarterly Journal 
of Science. 

Dr. Lardnef^s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. "New t^>CvQ?a^ ^\s>aSiL '^-h^^ 
cioth, 7J2 page^ Is, 6d. 
" We b»re no hesitation in cordially recommea^AniVt.-— Edtwattmwl T\w**« 
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Dr. Lardner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition, i vol. 31. td, cloth. 
'* Conveys, in clear and precise terms, general notions of all the prindpal divisions 
of Physical Science."— ^^/£rA Quarterfy Review, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdner. 

With 190 Illustrations. Second Edition, i voL y, 6d. doth. 
"Qearly written, well arranged, and excellently VLhxs,tnx^'*^Sardefur^ Chronicle, 

Dr. Lardner' s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re-written, by £. B. Bright, F.R. A. S. 
140 Illustrations. Small 8vo, 2J. (>d. cloth. 
' ' One of the most readable books extant on the Electric Tdegraph."— JFiy. Mechanic, 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag. 
netism, Diamagnetism, Electro^Dynamics, Magneto- Electricity, and 
the Electric Tel^raph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with ^00 Woodcuts. 8vo, i/. 41. doth. 
"The accounts ^ven of electricity and galvanism are not only complete in a scientific 
sense, but, which is a rarer thing, are popular and interesting.*'-«-XaMCv/. 

Text' Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., F.C.S. New Edition, care- 
fully Revised. With an Introduction and Additional Chapters 
by W. H. Preece, M.I.C.E., Vice-President of the Society of 
Telegraph Engineers, &c. With 470 Illustrations. Crown 5vo, 
\zs. 6d. cloth. 
*'A reflex of the existing state of Electrical Science adM>ted ibr' students."— 
W. H. Preece, Esq., vide *' Introduction." 

" We can recommend Dr. Noad's book for clear s^le, great range of sulject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable." — Athenuum. 

*' An admirable'text-book for every students-beginner or advanced — of electricity.'' 
—'£n£ineerift£'. 

" Recommended to students as one of the best text- books on the subject that they 
can have. Mr. Preece appears to have introduced all the newest inventions in the Aapt 
of telegraphic, telephonic, and electric-lighting apparatus."— ^«^/>M Meckanic, 
"The work contains everything that the student can require.' — Academy. ^ 
" One of the best and most useful compendiums of any bnmch of science in our 
literature. " — Iron. 

" Under the editorial hand of Mr. Preece the late Dr. Noad's text book of elec- 
tricity has grown into an admirable handbook." — Westminster Review, 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and Wonderful ConcordT By 
George W. Victor le Vaux. Fcap. 8vo, 5j. cloth. 

"A valuable contribution to the evidences of revelation, and disposes ▼erv'OpncIu- 
sively of the arguments of those who would set God'» Works against God^i Word. 
No real difficulty is shiriced, and no sophistry is left unexposed."— TIA^ Redk, 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward^ A.L.S. 
With Appendix by Ralph Tate, X.U^.,¥.G.S. With numer- 
ous Plates and 300 Woodcuts, srd 'EAilion. Cx.VioVls. W. ^Q>a^« 
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Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— I. 
All^^ Discrepancies; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5^ The Miracle of Joshua — 
Views of Dr. Colenso : The Supematuially Impossible ; 6. The 
Age of the Fixed Stars, &c. By Prof. J, R. Young. Fcap. 51. d. 

Geology. 

A CLASS-BOOK OF GEOLOGY : Consisting of " Physical 
Geology," which sets forth the Leading Principles of the Science ; 
and ** Historical Geology," which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. 8vo, fj. doth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M. A., late Fellow of Trin. Coll., Camb. i8mo, $s. cl. 

Clocks^ Watches^ and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 

and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 

Denison), LL.D., Q.C., F.R. A.S. Sixth edition, revised and en- 

- lazged. Limp doth (No. 67, Weale's Series), 4r. 6</.; cloth bds. 5^. 6df. 

'* As a popular and practical treatise it is unapproached." — English Mechanic. 

''The best work on the subject probably extant. The treatise on bells is tu- 

doubtedly the best in the language. " — Engineering. 

"The only modem treatise on clock-makiilg.'' — Horological y<mrnal. 

House Decoration. 

ELEMENTARY DECORATION : A Popular Guide to the 
Simpler Forms of Everyday Art, as applied to the Interior and 
Exterior Decoration of Dwelling Houses, &c. By J. W. Facey, 
Junr. With numerous Illustrations. Crown 8vo. [/» Hu Press. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, appUed to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged. By Ellis A. Davidson. With new Coloured Diagrams 
and Engravings. l2mo, 3^. (xi. cloth. 
" The book is a most useful risumi <3i the properties of pigments." — Builder, 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-lining, and Restoring, Principal Schools of Painting, 
Copyists andlmitators. By Philippe Daryl,B. A. Cr.8vo,3x.6</.cl. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van dsh Burg, Directors of the Rottecdaxo. i«.\fi&5cM^ 
Institution. Illustrated with 24 fuSl-^iA Cc^jqwjw^ Vwatea-^ t^^ 
jiJHain Plates, comprising 1 54 Figatca, ¥o^o,»U'v*»*^>*^^^«^**^* 
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DelamotUs Works am Illmmmaium & Alphabets. 

A PRIMER OF THE ART OF nXUMINATION ; far Ae 
wenf BccBMn: widk a ffmliMilm Tgeatae cm AeAz^PAc- 
ticad Direction far its Enrcae^ aid ■nKrav ^^^-yi** takoi 
foMlDnmMtcdMSS., prilled B Gold ad ColooL Bf F.Dda- 
MornL SmiH 410^ 9K. Ekpadj boaBci, doA 




ORKAlfENTAL ALPHABETS, ANCIENT ad lfEDL£VAL ; 

horn the E^^bth Ccntiirfy indi Nmnmih ; iw Jailing Ciodik^ 

Cliardi'Texty Gennaa, Itafiaa, Ataboqae^ liiirtal% Mooognons^ 

CroflMiy Ac CcJlectcd and qig m e d bj F. DEULMom^ aad 

printed in Cokmn. New and Cheaper Edition. RoTal 8fO^ 

oUoo^ 2/. dd, ornamental boaids. 

** Yc^ibotefAo imat eaaamdicd seateaoes rooad f3deddiafioes,«lio1)lnoBdiop 
l egto db over sho|Mioon^ who letter dmrck walk aridi pi^ " ■" 1 "t fnm me 
DccalcfBC^ tim book win be asefid.*--^i:icnnHK. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; indndii^ Gennan, Old El^^ld^ Saxoo, Italic^ Per- 
fpecttrey Greek, Hebrew, Court Hand, Ei^rossii^ Tuscan, 
Kibemd, Goduc, Rustic, and Arabesque^ &c, Ac C<Scctcd and 
engnnred bj F. Delam ottk, and printed in Odoms. New and 
Cheaper EcUtion. Rojal 8to^ obloi^ 2/. 6d. ornamental boards. 

'* Tliere is conq)rised in it erery poss3de dupe iato wludi die leden of die alphabet 
and fmaienUs can be fonncdJ'^'^UuuLn^ 

MEDIiEVAL ALPHABETS AND INITIALS FOR ILLUBO. 
NATORS. Bj F. Delamotts. Containing 21 Plates, and 
Illmninated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, 6r. doth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, C3rphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval amd Modem Alphabets, and National 
Emblems. Collected and engraved by F. Dklamottx, and 
printed in Colotui. Oblong royal 8vo^ u, 6tL omaniental wrapper. 

Wood- Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2/. 6d, 

** The handiaaft of the wood-canrer, so well as a book can impart it, may be learnt 
from ' A Lady's ' publication."— w^/Ammtimw. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art Bv Thomas John Guluck, 
Painter, and John Tim BS, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. Insmall8vo,5J.6^clodi» 
*/ Thu Work has been adopted as a Prite-book in the Schools of 
Art at South Kensington. 
"CoatMiuM M buwt amount of orif^nal matter, apreeably conveyed.*— ^fm2i^. 
"Much amy boloMned. even by thota who fancy th«y dowAtttq^tunto be taagbt* 
ftho CMnfuJptrutMlofthiB tmpreten<Ung\witcomvwib!epa\N^xxta6iO---Ayt?tw a a L 
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AGRICULTURE, GARDENING, ETC. 
Youatt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large Svo. 
volume, 860 pp. with 244 Illustrations, i/. ix. hidf-bound. 
" The stuubrd and text-book, with the fanner and grazier." — Farmtf^s MagamMe, 
''A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express, 

History y Strticture^ and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4r. cloth. 

Prodtution of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also comprehensively tre&ting 
of the Breeding, Rearing, Fattening, and Slaughtering of Meat- 
yielding Live Stock ; Indications of the Quality ; Means for Pre- 
serving, Curing, and Cooking of the Meat, etc. By John Ewart. 
Numerous Illustrations. Cr. Svo, 5^. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — Mtat and Provision Traded Review, 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice, by R. Scott Burn. With Illustrations. Second 
Edition. i2mo, 41. cloth boards. 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — Utilisation of Town Sewage, Irrigation, &c. New Edition. 
In I voL 1250 pp., half-bound, profusely illustrated, \2s. 
" There is suffident stated within die limits of this treatise to prevent a fiurmer 
from going far wrong in any of his operations."— O^f^rvrr. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showing how to 
pepare and lay out the ground, the best means of cultivatmg every 
known Vegetable and Herb, etc By GeoviQ^ M.. ^ * Q\X!S.^^* 
i2mo^ 2s. doth boards. 
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The Management of Estates. 

LANDED ESTATES MANAGEMENT: Tieatmg of the 
Varieties of Lands, Metiiods of Faimii^ the Settii^-oiit of Farms, 
ConstmctioD of Roads and Farm Buildings, of Waste or Un- 
prodnctiTe Lands^ Inigatioii, Dimiiiage^ ftc. Bj R. Soott Bmuf . 
Second Edition. i2mo^ 31: doth. 
"Aooaiplctcaad coai| » €h caiiTeoadnieof thed«tics a|B > ntJf»w igto Aewaaage- 
mteA <Mr landed estates." — ywumal tf F0resiry. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Oiganiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stods, Details ol Contract Woik, Specialties of 
Laboar, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. i2mo, y. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn, With niastrations. Consisfif^ of the above 
Two Works in One voL, 6r. half-bomid. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN. A Text-book of 
Agricaltore, adapted to the Syllabus of the Sdence and Art 
Department. For Elementaiy and Advanced Students. By 
Hugh Clements (Board of Trade). With an Introduction by 
H. Kains- Jackson. i8mo, tj, 6d. doth. 

" A clearly written description of die ordioaiy routiDe of English fiurm-life.** — Lemd, 
** A carefully written text»book at Aiiricoltare." — A tketMenm. ^ 
" A most comprehensiYg Tolume, giving a mass of \aSaasaiA3m.'''*-ArricnltMinal 
/^ J. r T^ *» *T^ \EconamUt. 

Lulture of Fruit Irees. 

FRUIT TREES, the Scientific and Profitable Culture ot From 
the French of Du B&euil, revised by Geo. Glenny. i2mo, 4^. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Lajring-out of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. Svo, Jx. doth. 
** A YMy good book, and one to be highly recommended as a practical guide. 
The practicsu directions are CKCxSXvDX.**—AthetueutH, 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One 
Acre of Land produce £()70 a year, by thfr Cultivation of Fruits 
and Vegetables ; also. Hew to Grow Flowers in Three Glass 
Houses, so as to realise £,Vl(i per annum cleaf Profit. By Samuel 
Wood. 3rd Edition, reyised. Cr. 8yo, 2s, doth. 
" We are bound to recommend it as not only salted to the taM of the amaiSttP and 
gentleman's gardener, but to the market growor."— ^ffn^Wirr^f M«iatine, 

Early Fruits^ Flowers and Vegetables. 

THE FORCING GARDEN i or. How to Grow Early Fruits, 

Flowers, and Vegetables. With Plans and Estinttites showing the 

bestiuid most economical way of Building Glasshouses, Pits^ ' and 

Framet for the various classes, &c. "B^ SKfcl^J"KV*^NQO\i, Mlhor 

of " Good Gardening," &c. Crown %\o, y . 6d. \3ust ^blished. 
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'Gardening for Ladies. 

:< THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 

. :.and Amateur's Complete Guide. By Samuel Wood. Author 

• o£ "Good Gardening," &c. With UluBtrations. Crown 8vo, 

31.6^ doth. \yust published, 

jBulb. Cidture. 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
■ Tuberous-rooted " Flowering Plants to Perfection. A Manual 
adapted for both' the Professional and Amateur Gardener. Bv 
Samuel Wood, Author of "Good Gardening," etc. With 
Coloured Illustrations and Wood Engravings. Cr. 8vo, y, 6d» cloth. 

Tree Planting, 

THE TREE^ PLANTER AND PLANT PROPAGATOR: 
. . ^eing.a.Pra9tia^ Manual on the Propagation of Forest Trees, 
- Fruit Trees, Flowetrng Shrubs, Flowering Plants, Pot Herbs, &c. 

Numerous'IHustrations. By Samuel Wood. i2mo, 2s, 6d, cloth. 

Tree Pruning. 

' -r THE TREE PRUNER: Being a Practical Manual on the 
Pruning of Fruit Trees. Including also their Training and Renova- 
tion, also treating of the Pruning of Shrubs, Climbers, and Flower- 
ing Plants. By Samuel Wood. i2mo, 2j. 6^. cloth. 

'^Tree Piantingy Pruning ^ & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of ** Good Gardening,*' &c. Consisting 
of the above Two Works in One Vol., 5j. half-bound. 

Potato Culture. 

POTATOES, HOW TO GROW. AND SHOW THEM; A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With Illustrations, Cr. 8vo, 2j. cl. 

Hudsofis Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &ci By R. Hudson, C.E. 
New Edition, royal 32mo, leather, gilfc edges, elastic band, 4J. 

Ewart's Land Improver^ s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULiE, TABLES, and MEMORANDA, required in any Com- 
putation relating, to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4J. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 7j. dd. 




It is most useful as a mamial for reference.*'— Nortit 0/ England Farwer, 



3a WORKS PUBUSHED BY CROSBY LOCKWOOD & CO. 

^A Complete Epitome of the Laws of this Country! 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. New Edition. 
Corrected to the end of last Session. Embracing upwards of 
3,500 Statements on Points of Law, Verified by the addition of 
Notes and References to the Authorities. Crown 8vo, doth, 
price, 6r. &^ (saved at every consultation). 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE 
AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 
LAW, GAME AND FISHERY LAWS, POOR MEN'S LAW, THE LAWS OF 



Bankkuptcv — Bills ow Exchangi 

CONTltACTS AND AgRBBMKNTS— COPV- 
SIGHT—DOWBR AND DiVOKCB — ELEC- 
TIONS AND Rbgistsation — Insurancb 
— LiBBL AND Slandbk— Mortgages — 



Sbttlbmknts— Stock Exchange Prac- 
tice—Trade Marks and Patents— 
Trespass, Nuisances, etc — ^Transfer 
OF Land, etc — Warranty — Wills 
AND Agreements, etc 



Also Law for Landlord and Tenant — \ — Friendly Societies — Qei^ymen, Church- 
Master and Servant— Wofkmen and Ap- wardois— Medical Practitioners, &c. -^ 



Bankers — Fanners — Contractors — Stock 
and Share Brdcers— Sportsmen and Game- 
keq>ers — Farriers and Horse-Dealers— 
Auctioneers, House-Agents — Innkeepers, 
&c — Pawnbrokers — Surveyors — Kail- 
ways and Carriers, &&, &c. 



prentices — Heirs, Devisees^ and Lega 
tees — Husband and Wife — Executors 
and Trustees — Guardian and Ward-— 
Married Women and Infants— Partners 
and Agents — Lender and Borrower — 
Debtor and Creditor — Purchaser and 
Vendor — Companies and Associations 

'* No Englishman ought to be without this \iO(^L.** -^Engineer. 

" What it professes to be— a complete epit(Hne of the laws of this country, thoroughly 
intelligible to non-professional readers. The book is a handy one to have in readiness 
when some knotty point requires readv solution." — BtlVt Life. 

** A useful and concise epitome of the law." — Law Magazifu, 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Rerersions, and of property generally; 
with Prices for Inventories, &c. By John Wheeler, Valuer, &c. 
Fourth Edition, enlarged, by C NoRRis. Royal 32mo, cloth, 5/. 
" A concise book of reference, containing a dearhr-airanged list of prices for 
inventories, a practical guide to determine the value ot furniture, %ic*''~Stamlard, 

Auctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, lOf. 6(2. cloth. 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures, &c. By E. L. Tarbuck. 2nd Edit i2mo, 51. 6</. cloth. 

'* We are glad to be able to recommend it." — BuiltUr, 

** The advice is thoroughly practicaL"— j2^«w ^ffumai. 

Metropolitan Rating. 

METROPOLITAN RATING : a Summary of the Appeals 
heard before the Court of General Assessment Sessions at West- 
minster, in the years 1871-80 inclusive. Containing a large mass 
of very valuable information with respect to the Rating of Rail- 
ways, Gas zxid. Waterworks, Tramways, VAMLt^es, ^>5Jal\c Houses. 
&c. By Edward and A. L, Rydil. %vo, \is, M, 

itaunmiT. Acii«w, * Oo.,Pritttiw»."W^tt«*«*»»* 
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'•^ AGRrCULTURE, QARDENINQ, &c. % 

*a-o«y THE TREE PLANTER AND PLANT PROPACU- B 

f^ TOS : B. Practical Manual on the Propsgation of Forest nnd «'■ 

Hk Fruit Trees, Flowering SlmibB, &c By Samuel Wood. 2b.; ?J 

RtfT'i'; olotli boards, 2a. 6d. r* 

THE TREE PEUNER.- A Practical Manual on the dt 

Pruning of Fruit Trees, Shrubs, &0. By Samhei, Wood. 12mo. S", 

,. .„ 2b. ; cloth boardfl, 2b. 6d. Sj 

^i^ THE TREE PLANTER, PROPAGATOR, AND ^ 

Sf^ TliUIfi:E. By 8. Wood. ConsiBting of the above two works ^ 

J^J* in one handBOme volume. Half-bound, 5b. ^ jj 

:^ KITCHEN GARDENING MADE EASY. By S 

:Q Qbosqe M. F. GLEHny. IB, 6d. ; doth boards, 2b. ?) 

e SHEEP: THE HISTORY, STRUCTURE, ECO- h 

^jjJ NOMY, AND SISEABBS OF. By W. C. Spodmbb, M.E.V.C, j^ 

i?<35 &o- Fourth Edition, enlarged. Sb. 6d. ; cloth boardB, 48. Si 

^^r| FJiWr TREES: The Scientific and Profitable Culture ^ 

■Slfe ■*'■ From tie French of Dc Bbkuil, reviBed by Geo. Glesnt. r^ 

I sS „i- 187 Woodcuts. 3s. 6d. ; cloth boards, 4b. +> 

H-^.!S S0IL6', MANURES, AND CROPS. (Vol. 1 Outliseb g 

P"rr^ OF MoDEUK Faiibikg.) By R. Scorr Buhn. Woodcuts. 2e. ■« 

1?^ FAKilING AND FARMING ECONOMY, Notes, -^ 

i'iCr Historical and Practical, on. (Vol. 2 Ouilibes o.p Modeus SJ 

-, '5^ Farmino.) By R. Scott Behn. Woodcuta. Sb. ^' 

■-^^ STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 5^ 

jVt 3 OulLlsES OF MoDEiiN Fabhinq.) By K, Scorr Bdhm. 2b. Dd. ^ 

C^ DAIRY, PIGS, AND POULTRY, Uwagement of iho. S 

By R. Scott Bdbm. With Notes on the Diseases of Stock, w^ 

(Vol. 4 Outlines of Modehn Fabuinq.) .Woodcuts. 2a. '^ 

UTILIZATION OF SEWAGE, IRRIGATION, AND K 

HECLAMATION OF WASTE LAND. (Vol. 6 Outlikks ^g 

OP UoDEttN Fakmwo.) By R. Scott Bubn. Woodcuts. 2s. 6d. S*' 

OUTLINES OF MODERN FARMING. By Robekt S 

ut^i: Scott Buhk. Being the above five books in one vol. 12a. l? 

^•^ LANDED ESTATES MANAGEMENT. By R. Scott & 

r^Xk. Bdbn. 2a. 6d. ; cloth boacda, 3s. 5; 

j!f;^ FARM MANAGEMENT AND THE ORGANIZA- ^ 

<2^ TION OF FA&M LABOUR. By E. Scott Bcb-v. 2s. 6d. ; H 

^^C£, cloth boards, 3b. 9 

P^^ LANDED ESTATES AND FARM MANAGEMENT. ^ 

K-^^J^ By R. ScDTT Bden. Cooaisting of the above two works in one ■yJ 

"t jr??S' haodsome volume, half-bound, 6b. X' 

j*^-^ THE HAY AND STRAW MEASURER . Being New g 

-^ ^ Tables for the Use of Auclioneera, Valuers, Farmera, Hay and Of. 

K^Hk (Straw Dealors, &c. By John Bteele. Fourth Edition. 2a. 2? 

-^^ SUBURBAN FARMING. By the late Professor Johm P 
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'^ MISCELLANEOUS VOLUMES. 
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TJTiK^, BUILDING, ENGINEERING, MINING, METAL- 
LURGY, ARCHEOLOGY, theFINEARTS, ^c. By J. Wkale. 
Fifth Edition. Bv Egbert Hunt, F.R.S. 58. limp ; "Cs. boards. 
THE LAW OF CONTRACTS FOR WORKS AND 
SERVICES, By David Gibbons. Third Edition, revised and 
considerably enlarged. 3s. ; doth boards, 3s. 6d. 

MANUAL OF DOMESTIC MEDICINE. By R. 
Gooding, B.A., M.D. Intended as a Family Guide in all Cases 
of Aocident and Emergency. 2s. ; cloth boards, 2s. 6d. 

MANAGEMENT OF HEALTH. A Manual of Homo 
and Personal Hygiene. By the Rev. James^aihd, B.A. Is. 

^'^ THE HOUSE MAJVAGER: being a Guide to House- 
;C^ keeping : Practical Cooker}', Household Work, Dairy Manage- 
Jc^ mont, the Table and Dessert, Cellarage of Wines, the Boudoir 
C(^ and Dressing-room, Stable Economy, Gardening Operations, &c. 
^CC. By An Old Housekeeper. 3s. 6d. ; cloth boards, 4s. 
3[t HOUSE BOOK (The). Comprising:—!. The House 

Manageu. By An Old Housekeeper. II. Domestic Medicine. 

By Kalph Gooding, M.D. III. Management op Health. 

By James Baiud. In One Vol., strongly halt-bound. 6s. 
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FINE ARTS. 

r'^l A GRAMMAR OF COLOURING, applied to Decora- 
i:,Jsj, tivo Painting and the Arts. By George Field. New Edition, 
enlarged, and adapted to the Use of the Ornamental Painter and 
Designer. By Ellis A. Davidson., 3s. ; cloth boai-ds, 39. 6d. 

PAINTING POPULARLY EXPLAINED, including 

Fresco, OiJ, IMosaic, Water Colour, Water-Glass, Tempera, 
Encaustic, Miniature, Painting on Ivory, Vellum, Potterj', 
Enamel, Glass, &c. By T. J. Gullick, assisted by J. Times, 
F.S.A. Fourth Edition, enlarged. 6s. ; cloth boards, 5s. 6d. 

PERSPECTIVE FOR BEGINNERS: adapted to 
Young Students and Amateurs in Architecture, Painting, &c. 
^c^ By G. Pyne. Woodcuts. 28. 

^T-^ GLASS STAINING, AND THE ART OF PAINTING 

^ ON GLASS. From the German of Dr. Gessert and Emanuel 

Otto Fromberg. With an Appendix on Enamelling. 2s. 6d. 
MUSIC, A Rudimentary and Practical Treatise on. By 

C. C. Spencer. 2s. 6d. 
PIANOFORTE, The Art of Playing the ; with numerous 

Exercises and Lessons. By C. C. Spencer. Is. Gd. 
MUSIC AND THE PIANOFORTE. In one vol., 5s. 
ELEMENTARY D ECORATION: A Gu ide to the 

Simpler Forms of Ever ' " ■ **iterior and 
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